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SUBSTITUTED IMIDAZO RING SYSTEMS AND METHODS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application claims priority to U.S. Provisional Application 
Serial No. 60/524961, filed on November 25, 2003, and to U.S. Provisional 
Application Serial No. 60/580139, filed on June 16, 2004, both of which are 
incorporated by reference herein in their entirety. 



BACKGROUND 

In the 1950's the l//-imidazo[4,5-c]quinoline ring system was developed 
and 1 -(6-methoxy-8-quinolinyl)-2-methyl-li/-imidazo[4,5-c]quinoline was 
synthesized for possible use as an antimalarial agent. Subsequently, syntheses of 

15 various substituted li/-imidazo[4,5-c] quinolines were reported. For example, 
l_[2-(4-piperidyl)ethyl]-l//-imidazo[4,5-c]quinoline was synthesized as a 
possible anticonvulsant and cardiovascular agent. Also, several 2- 
oxoimidazo[4,5-c]quinolines have been reported. 

Certain l/f-imidazo[4,5-c]quinolin-4-amines and 1- and 2-substituted 

20 derivatives thereof were later found to be useful as antiviral agents, 

bronchodilators and immunomodulators. Subsequently, certain substituted IH- 
imidazo[4,5-c]pyridin-4-amine, quinolin-4-amine, tetrahydroquinolin-4-amine, 
naphthyridin-4-amine, and tetrahydronaphthyridin-4-amine compounds as well 
as certain analogous thiazolo and oxazolo compounds were synthesized and 

25 found to be useful as immune response modifiers (IRMs), rendering them useful 
in the treatment of a variety of disorders. 

There continues to be interest in the imidazoquinoline ring system, and 
other ring systems, and there is a continuing need for compounds that have the 
ability to modulate the immune response, by induction of cytokine biosynthesis 

30 or other mechanisms. 
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SUMMARY 

The present invention provides a new class of compounds that are useful 
in inducing cytokine biosynthesis in animals. Such compounds are of the 
following Formula (I): 




wherein: Z is -C(O)-, -C(0)0-, or -C(-Q-R|- 3 ) 2 -; and 
wherein: X, Ra, Rb> R2> Ri-i> Q> and Rio are as defined below. 

The compounds of Formula I-l are useful as immune response modifiers 
due to their ability to induce cytokine biosynthesis (e.g., induces the synthesis of 
at least one cytokine) and otherwise modulate the immune response when 
administered to animals. This makes the compounds useful in the treatment of a 
variety of conditions such as viral diseases and tumors that are responsive to 
such changes in the immune response. 

The invention further provides pharmaceutical compositions containing 
an effective amount of a compound of Formula I-l and methods of inducing 
cytokine biosynthesis in an animal, treating a viral infection and/or treating a 
neoplastic disease in an animal by administering an effective amount of a 
compound of Formula I-l to the animal. 

In addition, methods of synthesizing compounds of Formula I-l and 
intermediates useful in the synthesis of these compounds are provided. 

As used herein, "a," "an," "the," "at least one," and "one or more" are 
used interchangeably. 

The terms "comprises" and variations thereof do not have a limiting 
meaning where these terms appear in the description and claims. 

The above summary of the present invention is not intended to describe 
each disclosed embodiment or every implementation of the present invention. 
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The description that follows more particularly exemplifies illustrative 
embodiments. In several places throughout the application, guidance is provided 
through lists of examples, which examples can be used in various combinations. 
In each instance, the recited list serves only as a representative group and should 
5 not be interpreted as an exclusive list. 



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE 

INVENTION 

10 The present invention provides compounds of the following Formula (I- 

1): 




15 I-l 

wherein: Z is -C(O)-, -C(0)0-, or -C(-Q-Ri-3>2-; and as well as more specific 
compounds of Formulas (1-2, 1-3, and 1-4), which represent different core ring 
structures: 

20 




1-2 
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and 




1-4 



wherein: Z is -C(O)-, -C(0)0-, or -C(-Q-R|-3)2-; and more specific compounds 
of the following Formulas (la, lb, Id, and Ie): 



10 




la 



NH, 



(R)n 




N 



>-R 2 



\ 



Ri-i 



lb 



15 
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and 



5 




wherein: X, R, Ra, R A , Rb, Ras Rb'> R2, R3> R1-1, Q, R1-3, and n are as defined 
10 below; 

and pharmaceutically acceptable salts thereof. 

The present invention also provides compounds of the following 
Formulas (II, III, and IV): 

15 




wherein: Z is -C(O)-, -C(0)0-, or -C(-Q-Ri. 3 )2S 

20 
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and 




n I 

HN-x— C(0)0— R r 



5 IV 

wherein: X, R, R 2 , Rm, Ri-6, Q» Rio, and n are as defined below; and 
pharmaceutically acceptable salts thereof. 

10 In one embodiment, there is provided a compound of the Formula (1-1): 




Ra X-Z-R^ 
1-1 

15 wherein: 

X is alkylene optionally interrupted by one or more -O- groups; 
Z is -C(O)-, -C(0)0-, or -C(-Q-Ri- 3 )2S 
Ri.i is selected from the group consisting of: 
hydrogen, 
20 alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 
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alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 
5 halogen, 

cyano, 
nitro, 
alkoxy, 
dialkylamino, 
10 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, 

-NH-SO2-R1-4, 

15 -NH-C(0)-Ri.4, 

-NH-C(0)-NH 2 , 
-NH-C(0)-NH-R M , and 
-N 3 ; 

with the proviso that if Z is -C(O)-, then Rm may also be 
20 -N(CH 3 )(OCH 3 ); 

with the further proviso that if Z is -C(0)0, then K\.\ is not 

hydrogen; 

with the further proviso that if Z is -C(0)0-, then X does not 
include -O- groups; 
25 Q is O or S; 

Ri-3 is selected from the group consisting of: 

alkyl, 

aryl, 

alkylene-aryl, 
30 heteroaryl, 

alkylene-heteroaryl, and 
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alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 

5 cyano, 

nitro, 
alkoxy, 
dialkylamino, 
alkylthio, 

10 haloalkyl, 

haloalkoxy, 
alkyl, 

-NH-SO2-R1-4, 
-NH-C(0)-R,-4, 
15 -NH-C(0)-NH 2 , 

-NH-C(0)-NH-Ri_4, and 

-N 3 ; 

or the R1.3 groups can join together to form a ring system comprising a 
saturated or unsaturated 5-, 6-, or 7-membered ring; 
20 Ri^ is selected from the group consisting of: 

alkyl, 
aryl, 

alkylene-aryl, 
heteroaryl, 

25 alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 

30 cyano, 

nitro, 
alkoxy, 
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dialkylamino, 
alkylthio, 
haloalkyl, 
haloalkoxy, 
5 alkyl, and 

-N3; and 

R2 is selected from the group consisting of: 
-R4, 
-X'-R4, 

10 -X'-Y'-R^ and 

-X'-R 5 ; 

X' is selected from the group consisting of alkylene, alkenylene, 
alkynylene, arylene, and heteroarylene, wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, or 
15 heteroarylene, and optionally interrupted by one or more -O- groups; 
Y' is selected from the group consisting of: 
-S(O) 0 -2-, 
-S(0) 2 -N(R8>, 
-C(R6K 

20 -C(R*)-0-, 

-O-CCR*)-, 

-0-C(0)-0-, 

-N(R8)-Q'-, 

-C(R6)-N(R8)-, 
25 -O-C(R<0-N(RsK 

.C(R6).N(OR 9 )-, 

N-Q 1 — 
R J 




N— R,— J-Q'- 

^ , and 
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— V-N 
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R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl, wherein 
5 the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, 
heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl 
groups can be unsubstituted or substituted by one or more substituents 
independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl, 
haloalkyl, haloalkoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, aryloxy, 
10 arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl, 
amino, alkylamino, dialkylamino, (dialkylamino)alkyleneoxy, and in the case of 
alkyl, alkenyl, and alkynyl, oxo; 

R5 is selected from the group consisting of: 

^-(CH 2 ) a ^ 
-N-CpV -v-lfi 

■V and X (CH 2 ) b -^ . 

15 R6 is selected from the group consisting of =0 and =S; 

R 7 is a C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, 
alkoxyalkylenyl, and arylalkylenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
20 Rio is C3-8 alkylene; 

A is selected from the group consisting of -O-, -C(O)-, -S(0)o-2-> -CH2-, 
and -N(R4>-; 

Q* is selected from the group consisting of a bond, -C(R6>-, 
-C(R«)-C(R6)-, -S(0) 2 -, and -S(0) 2 -N(R 8 )-; 
25 V is selected from the group consisting of -CCR*)-, -OC(R6)-, and 

-S(0) 2 -; 

a and b are independently integers from 1 to 6 with the proviso that a + b 

is < 7; 
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R A and R B are each independently selected from the group consisting of: 
hydrogen, 
halogen, 
alkyl, 

5 alkenyl, 

alkoxy, 
alkylthio, and 
-N(R 9 ) 2 ; 

or R A and Rb taken together form either a fused aryl ring that is 
10 unsubstituted or substituted by one or more R groups, or a fused 5 to 7 

membered saturated ring that is unsubstituted or substituted by one or more R* 
groups; 

R is selected from the group consisting of: 
fluoro, 

15 alkyl, 

haloalkyl, , 
alkoxy, and 
-N(R 9 ) 2 ; 

Ra is selected from the group consisting of: 
20 halogen, 

hydroxy, 

alkyl, 

alkenyl, 

haloalkyl, 
25 alkoxy, 

alkylthio, and 

-N(R 9 ) 2 ; 

or a pharmaceutical^ acceptable salt thereof. 

30 
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In one embodiment, there is provided a compound of the Formula (1-2): 



X is alkylene optionally interrupted by one or more -O- groups; 

n is an integer from 0 to 4; 

Z is -C(O)-, -C(0)0-, or -C(-Q-Ri. 3 ) 2 -; 

Ri_i is selected from the group consisting of: 

hydrogen, 

alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 



halogen, 

cyano, 

nitro, 

alkoxy, 

dialkylamino, 

alkylthio, 

haloalkyl, 

haloalkoxy, 

alkyl, 

-NH-SO2-R1-4, 
-NH-C(0)-R M , 




NH 



1-2 



wherein: 
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-NH-C(0)-NH 2 , 
-NH-C(0)-NH-R M , and 
-N 3 ; 

with the proviso that if Z is -C(O)-, then K\.\ may also be 
5 -N(CH 3 )(OCH 3 ); 

with the further proviso that if Z is -C(0)0, then R\.\ is not 

hydrogen; 

with the further proviso that if Z is -C(0)0-, then X does not 
include -O- groups; 
10 QisOorS; 

Rj_3 is selected from the group consisting of: 
alkyl, 
aryl, 

alkylene-aryl, 
15 heteroaryl, 

alkylene-heteroaryl; and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 
20 halogen, 

cyano, 
nitro, 
alkoxy, 
dialkylamino, 
25 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, 

-NH-S0 2 -Ri-4, 

30 -NH-C(0)-R,-4, 

-NH-C(0)-NH 2 , 
-NH-C(0)-NH-R,^, and 
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-N 3 ; 

or the Rio groups can join together to form a ring system comprising a 
saturated or unsaturated 5-, 6-, or 7-membered ring; 
R1-4 is selected from the group consisting of: 
5 alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 
10 alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 

substituted by one or more substituents selected from the group 
consisting of: 

halogen, 
cyano, 

15 nitro, 

alkoxy, 
dialkylamino, 
alkylthio, 
haloalkyl, 

20 haloalkoxy, 

alkyl, and 
-N3; and 

R is selected from the group consisting of: 
fluoro, 

25 alkyl, 

haloalkyl, 
alkoxy, and 
-N(R 9 ) 2 ; 

R2 is selected from the group consisting of: 
30 -R4, 

-X'-R4, 

-X'-V-R* and 
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-X'-R 5 ; 

X 1 is selected from the group consisting of alkylene, alkenylene, 
alkynylene, arylene, and heteroarylene, wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, or 
5 heteroarylene, and optionally interrupted by one or more -O- groups; 

Y' is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0) 2 -N(R 8 )-, 

-C(R6)-, 

10 -C(R<0-O-, 

-0-C(R6)-, 
-0-C(0)-0-, 
-N(R 8 )-Q'-, 
-C(R6)-N(R8)-, 
-0-C(R6)-N(R 8 )-, 
.C(R6)-N(OR 9 )-, 




R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl, wherein 
the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, 
heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl 
groups can be unsubstituted or substituted by one or more substituents 
independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl, 
haloalkyl, haloalkoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, aryloxy, 
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arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl, 
amino, alkylamino, dialkylamino, (dialkylamino)alkyleneoxy, and in the case of 
alkyl, alkenyl, and alkynyl, oxo; 

R 5 is selected from the group consisting of: 
/-(CH 2 ) a ^ 

— N— CCRJ — V-Kl \ 



^ R i J and \0H 2 \^ 



and 

R$ is selected from the group consisting of =0 and =S; 
R7 is a C2.7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, 
alkoxyalkylenyl, and arylalkylenyl; 
10 R9 is selected from the group consisting of hydrogen and alkyl; 

Rio is C3-8 alkylene; 

A is selected from the group consisting of -0-, -C(O)-, -S(0)o-2-> -CH2-, 
and -NOR4)-; 

Q* is selected from the group consisting of a bond, -C(R6>-, 
1 5 -C(R6)-C(R<>)-, -S(0) 2 -, and -S(0) 2 -N(R 8 ); 

V is selected from the group consisting of -C(R6>-, -O-CCR*)-, 
-N(Rg)-C(R6)-, and -S(0) 2 -; and 

a and b are independently integers from 1 to 6 with the proviso that a + b 

is<7; 

20 or a pharmaceutical^ acceptable salt thereof. 



In another embodiment, there is provided a compound of the Formula (I- 



3): 



25 



R A . X-Z-R,_, 
1-3 



wherein: 
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X is alkylene optionally interrupted by one or more -O- groups; 
Z is -C(O)-, -C(0)0, or -C(-Q-Ri. 3 )2-; 
Ri_i is selected from the group consisting of: 

hydrogen, 
5 alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 
10 alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 

substituted by one or more substituents selected from the group 
consisting of: 

halogen, 
cyano, 

15 nitro, 

alkoxy, 
dialkylamino, 
alkylthio, 
haloalkyl, 

20 haloalkoxy, 

alkyl, 

-NH-S0 2 -Ri^, 
-NH-C(0)-Ri_4, 
-NH-C(0)-NH 2 , 
25 -NH-C(0)-NH-R! ^ and 

-N 3 ; 

with the proviso that if Z is -C(O)-, then R M may also be 
-N(CH 3 )(OCH 3 ); 

with the further proviso that if Z is -C(0)0-, then R M is not 

30 hydrogen; 

with the further proviso that if Z is -C(0)0-, then X does not 
include -O- groups; 
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Q is O or S; 

Rio is selected from the group consisting of: 
alkyl, 
aryl, 

5 alkylene-aryl, 

heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
10 consisting of: 

halogen, 
cyano, 
nitro, 
alkoxy, 

15 dialkylamino, 

alkylthio, 
haloalkyl, 
haloalkoxy, 
alkyl, 

20 -NH-SO2-R1-4, 

-NH-C(0)-R M , 
-NH-C(0)-NH 2 , 
-NH-C(0)-NH-Ri^, and 
-N 3 ; 

25 or the Ri_ 3 groups can join together to form a ring system comprising a 

saturated or unsaturated 5-, 6-, or 7-membered ring; 
Ri^i is selected from the group consisting of: 
alkyl, 
aryl, 

30 alkylene-aryl, 

heteroaryl, 

alkylene-heteroaryl, and 
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alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 

5 cyano, 

nitro, 
alkoxy, 
dialkylamino, 
alkylthio, 

10 haloalkyl, 

haloalkoxy, 
alkyl, and 
-N3; and 

R 2 is selected from the group consisting of: 
15 -R4, 

-X-R4, 

-X'-Y'-I^, and 
-X'-R 5 ; 

X 1 is selected from the group consisting of alkylene, alkenylene, 
20 alkynylene, arylene, and heteroarylene, wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, or 
heteroarylene, and optionally interrupted by one or more -O- groups; 
Y' is selected from the group consisting of: 
-S(0)o- 2 -, 

25 -S(0) 2 -N(R8)-, 

-C(R*)-, 

-C(R6)-0-, 

-0-C(R6)-, 

-0-C(0)-0-, 
30 -N(Rs)-Q'-, 

-C(R6)-N(R8)-, 

-0-C(Ra)-N(Rs)-, 
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-C^-NCORc))-, 
-C N-Q'- 




— V-N 



, and 




5 R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, 

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl, wherein 
the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, 
heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl 

10 groups can be unsubstituted or substituted by one or more substituents 

independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl, 
haloalkyl, haloalkoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, aryloxy, 
arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl, 
amino, alkylamino, dialkylamino, (dialkylamino)alkyleneoxy, and in the case of 

15 alkyl, alkenyl, and alkynyl, oxo; 



alkoxyalkylenyl, and arylalkylenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 

A is selected from the group consisting of -O-, -C(O)-, -S(0)o-2-, -CH 2 -, 
25 and -N(R4>-; 

Q* is selected from the group consisting of a bond, -C(R6>-, 

20 




20 



Rs is selected from the group consisting of =0 and =S; 
R 7 is a C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, 
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-C(R6)-C(R6)-, -S(0) 2 -, and -S(0) 2 -N(R8)-; 

V is selected from the group consisting of -CCR*)-, -0-C(R$)-, and 
-S(0) 2 -; 

a and b are independently integers from 1 to 6 with the proviso that a + b 

5 is < 7; 

R A - and Rb' are each independently selected from the group consisting of: 
hydrogen, 
halogen, 
alkyl, 

10 alkenyl, 

alkoxy, 
alkylthio, and 
-N(R 9 ) 2 ; 

or a pharmaceutically acceptable salt thereof. 
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In another embodiment, there is provided a compound of the Formula 

d-4): 




(1-4) 

20 wherein: 

X is alkylene optionally interrupted by one or more -O- groups; 
n is an integer from 0 to 4; 
Z is -C(O)-, -C(0)0-, or -C(-Q-R|. 3 )2-; 
Ri-i is selected from the group consisting of: 
25 hydrogen, 

alkyl, 
aryl, 

alkylene-aryl, 
heteroaryl, 
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alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 
5 halogen, 

cyano, 
nitro, 
alkoxy, 
dialkylamino, 
10 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, 

-NH-SO2-R1-4, 

15 -NH-C(0)-R M , 

-NH-C(0)-NH 2 , 
-NH-C(0)-NH-R M , and 
-N 3 ; 

with the proviso that if Z is -C(O)-, then Ku\ may also be 
20 -N(CH 3 )(OCH 3 ); 

with the further proviso that if Z is -C(0)0-, then Rm is not 

hydrogen; 

with the further proviso that if Z is -C(0)0-, then X does not 
include -O- groups; 
25 Q is O or S; 

Rio is selected from the group consisting of: 
alkyl, 
aryl, 

alkylene-aryl, 
30 heteroaryl, 

alkylene-heteroaryl, and 
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alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 

5 cyano, 

nitro, 
alkoxy, 
dialkylamino, 
alkylthio, 

10 haloalkyl, 

haloalkoxy, 
alkyl, 

-NH-SO2-R1-4, 
-NH-C(0)-R^, 
15 -NH-C(0)-NH 2 , 

-NH-C(0)-NH-Ri-4, and 
-N 3 ; 

or the R1-3 groups can join together to form a ring system comprising a 
saturated or unsaturated 5-, 6-, or 7-membered ring; 
20 R1.4 is selected from the group consisting of: 

alkyl, 
aryl, 

alkylene-aryl, 
heteroaryl, 

25 alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 

30 cyano, 

nitro, 
alkoxy, 
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dialkylamino, 
alkylthio, 
haloalkyl, 
haloalkoxy, 
5 alkyl, and 

-N3; and 

R a is selected from the group consisting of: 
halogen, 
hydroxy, 

10 alkyl, 

alkenyl, 
haloalkyl, 
alkoxy, 
alkylthio, and 
15 -N(R 9 ) 2 ; 

R 2 is selected from the group consisting of: 
-R4, 
-X'-R*, 

-X'-Y'-R^ and 
20 -X'-R 5 ; 

X* is selected from the group consisting of alkylene, alkenylene, 
alkynylene, arylene, and heteroarylene, wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, or 
heteroarylene, and optionally interrupted by one or more -O- groups; 
25 Y' is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0)2-N(Rg)-, 
-C(R«)-, 
-C(R6)-0-, 

30 -0-C(R*)-, 

-0-C(0)-0-, 
-N(R8)-Q'-, 
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-C(R*)-N(R8)-, 

-0-C(R6)-N(R8)-, 
-C(R 6 )-N(OR 9 )-, 

N-Q" — 
o J 

J 

— N— Rf-y-Q'- 

^ , and 




— V-N 




'10 



R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl, wherein 
10 the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, 
heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, and alkylheteroarylenyl 
groups can be unsubstituted or substituted by one or more substituents 
independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl, 
haloalkyl, haloalkoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, aryloxy, 
1 5 arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl, 
amino, alkylamino, dialkylamino, (dialkylamino)alkyleneoxy, and in the case of 
alkyl, alkenyl, and alkynyl, oxo; 

R 5 is selected from the group consisting of: 
^(CH 2 ) a ^ 

-N-CW -V-lG \ 
C and V (CH 2 ) b -^ . 

20 Re is selected from the group consisting of =0 and =S; 

R 7 is a C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, 
alkoxyalkylenyl, and arylalkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 
25 Rio is C3-8 alkylene; 



25 



WO 2005/051317 



PCT/US2004/039512 



10 



A is selected from the group consisting of -O-, -C(O)-, -S(0)o-2-, -CH2-, 
and -NCR*).-; 

Q* is selected from the group consisting of a bond, -C(R<s)-, 
-C(R6)-C(R*)-, -S(0) 2 -, and -S(0) 2 -N(Rs)-; 

V is selected from the group consisting of -C(R6>-, -OC(R6)-, and 
-S(0) 2 -; and 

a and b are independently integers from 1 to 6 with the proviso that a + b 

is<7; 

or a pharmaceutical^ acceptable salt thereof. 

In another embodiment, there is provided a compound of the Formula 

(la): 




(R)n' 

\.1 

la 

wherein: 

X is alkylene optionally interrupted by one or more -O- groups; 

n is an integer from 0 to 4; 

R1-1 is selected from the group consisting of: 

hydrogen, 

alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 
alkylene-heteroaryl, 
-N(CH 3 )(OCH 3 ), and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 
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cyano, 
nitro, 
alkoxy, 
dialkylamino, 
5 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, 

-NH-SO2-R1-4, 
10 -NH-C(0)-Ri^, 

-NH-C(0)-NH 2 , 
-NH-C(0)-NH-R^, and 
-N 3 ; 

Ri^ is selected from the group consisting of: 
15 alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 
20 alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 

substituted by one or more substituents selected from the group 
consisting of: 

halogen, 
cyano, 

25 nitro, 

alkoxy, 
dialkylamino, 
alkylthio, 
haloalkyl, 

30 haloalkoxy, 

alkyl, and 
-N 3 ; 
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R is selected from the group consisting of: 

fluoro, 

alkyl, 

haloalkyl, 
5 alkoxy, and 

N(R 9 ) 2 ; and 
R2 is selected from the group consisting of: 

hydrogen, 

alkyl, 

10 alkenyl, 

aryl, 

heteroaryl, 
heterocyclyl, 
alkylene-Y-alkyl, 
1 5 alkylene- Y-alkenyl, 

alkylene-Y-aryl, and 

alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
hydroxy, 

20 halogen, 

-N(R 3 ) 2 , 

-C(O)-C M0 alkyl, 
-C(O)-O-C M0 alkyl, 
-N(R 3 )-C(0)-C 1 .,oalkyl, 
25 -N 3 , 

aryl, 

heteroaryl, 
heterocyclyl, 
-C(0)-aryl, and 
30 -C(0)-heteroaryl; 
wherein: 

Y is -O- or -S(O) 0 .2-; and 
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R3 is selected from the group consisting of: 
hydrogen, 
Ci.ioalkyl, and 
C2-ioalkenyl, and 

5 R9 is selected from the group consisting of hydrogen and alkyl; 

or a pharmaceutically acceptable salt thereof. 



In another embodiment, there is provided a compound of the Formula 



10 



15 



20 



25 



(lb): 




lb 



wherein: 



X is alkylene; 

n is an integer from 0 to 4; 

Rm is selected from the group consisting of: 

alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 
cyano, 
nitro, 
alkoxy, 
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dialkylamino, 
alkylthio, 
haloalkyl, 
haloalkoxy, 
5 alkyl, 

-NH-SO2-R1-4, 
-NH-C(0)-R M , 
-NH-C(0)-NH 2 , 
-NH-C(0)-NH-R M , and 
10 -N 3 ; 

Ri^ is selected from the group consisting of: 
alkyl, 
aryl, 

alkylene-aryl, 
15 heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 
20 halogen, 

cyano, 
nitro, 
alkoxy, 
dialkylamino, 
25 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, and 
-N 3 ; 

30 R is selected from the group consisting of: 

fluoro, 
alkyl, 
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alkoxy, 
haloalkyl, and 
-N(R 9 ) 2 , and 
R 2 is selected from the group consisting of: 
5 hydrogen, 

alkyl, 
alkenyl, 
aryl, 

heteroaryl, 
10 heterocyclyl, 

alkylene-Y-alkyl, 
alkylene-Y-alkenyl, 
alkylene-Y-aryl, and 

alkyl or alkenyl substituted by one or more substituents selected 
15 from the group consisting of: 

hydroxy, 
halogen, 
-N(R 3 ) 2 , 

-C(O)-C M0 alkyl, 
20 -C(O)-O-Ct.i 0 alkyl, 

-N(R3)-C(O)-C,. 10 alkyl, 

-N 3f 

aryl, 

heteroaryl, 

25 heterocyclyl, 

-C(0)-aryl, and 
-C(0)-heteroaryl; 

wherein: 

Y is -O- or -S(0)o-2S and 
30 R3 is selected from the group consisting of: 

hydrogen, 
Ci-ioalkyl, and 
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C2-ioalkenyl; and 
R9 is selected from the group consisting of hydrogen and alkyl; 
or a pharmaceutically acceptable salt thereof. 

In another embodiment, the present invention provides a compound of 
the Formula (Id): 




Id 

wherein: 

10 X is alkylene optionally interrupted by one or more -O- groups; 

n is an integer from 0 to 4; 
R1-1 is selected from the group consisting of: 

hydrogen, 

alkyl, 

15 aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
20 substituted by one or more substituents selected from the group 

consisting of: 

halogen, 

cyano, 

nitro, 

25 alkoxy, 

dialkylamino, 
alkylthio, 
haloalkyl, 
haloalkoxy, 
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alkyl, 

-NH-SO2-R1-4, 
-NH-C(0)-Ri-4, 
-NH-C(0)-NH 2 , 
5 -NH-C(0)-NH-R, -4, and 

-N 3 ; 

Q is O or S; 

Rio is selected from the group consisting of: 
alkyl, 

10 aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
1 5 substituted by one or more substituents selected from the group 

consisting of: 

halogen, 

cyano, 

nitro, 

20 alkoxy, 

dialkylamino, 

alkylthio, 

haloalkyl, 

haloalkoxy, 
25 alkyl, 

-NH-S0 2 -Ri^> 

-NH-C(0)-Ri^, 

-NH-C(0)-NH 2 , 

-NH-C(0)-NH-R M , and 
30 -N 3 ; 

or the Rio groups can join together to form a ring system comprising a 
saturated or unsaturated 5-, 6-, or 7-membered ring; 
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R1.4 is selected from the group consisting of: 
alkyl, 
aryl, 

alkylene-aryl, 
5 heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 
10 halogen, 

cyano, 
nitro, 
alkoxy, 
dialkylamino, 
15 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, and 
-N 3 ; 

20 R is selected from the group consisting of: 

fluoro, 

alkyl, 

alkoxy, 

haloalkyl, and 
25 -N(R 9 ) 2 , and 

R 2 is selected from the group consisting of: 

hydrogen, 

alkyl, 

alkenyl, 
30 aryl, 

heteroaryl, 

heterocyclyl, 
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alkylene-Y-alkyl, 
alkylene-Y-alkenyl, 
alkylene-Y-aryl, and 

alkyl or alkenyl substituted by one or more substituents selected 
5 from the group consisting of: 

hydroxy, 
halogen, 
-N(R 3 ) 2 , 

-C(O)-Ci.i 0 alkyl, 
!0 -C(O)-O-Ci.i 0 alkyl, 

.N(R 3 )-C(O)-C M0 alkyl, 

-N 3 , 
aryl, 

heteroaryl, 

15 heterocyclyl, 

-C(0)-aryl, and 
-C(0)-heteroaryl; 

wherein: 

Y is -O- or -S(O) 0 -2-; and 
20 R3 is selected from the group consisting of: 

hydrogen, 
Ci-ioalkyl, and 
C 2 -ioalkenyl; and 
R 9 is selected from the group consisting of hydrogen and alkyl; 
25 or a pharmaceutical^ acceptable salt thereof. 
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In another embodiment, there is provided a compound of the Formula 

(Ie): 

NhL 




^CH 3 
Ie 

5 wherein: 

X is alkylene optionally interrupted by one or more -O- groups; 
n is an integer from 0 to 4; 
R is selected from the group consisting of: 
fluoro, 

10 alkyl, 

alkoxy, 

haloalkyl, and 

-N(R 9 ) 2 , and 
R 2 is selected from the group consisting of: 
15 hydrogen, 

alkyl, 

alkenyl, 

aryl, 

heteroaryl, 
20 heterocyclyl, 

alkylene-Y-alkyl, 
alkylene- Y-alkenyl, 
alkylene-Y-aryl, and 

alkyl or alkenyl substituted by one or more substituents selected 
25 from the group consisting of: 

hydroxy, 
halogen, 
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-N(R 3 ) 2 , 

-C(O)-Ci.i 0 alkyl, 
-C(O)-O-C M0 alkyl, 
-N(R 3 )-C(O)-C M0 alkyl, 
5 -N 3 , 

aryl, 

heteroaryl, 
heterocyclyl, 
-C(0)-aryl, and 
10 -C(0)-heteroaryl; 
wherein: 

Y is -O- or -S(O) 0 -2S and 
R 3 is selected from the group consisting of: 
hydrogen, 

15 Ci-ioalkyl, and 

C2-ioalkenyl; and 
R9 is selected from the group consisting of hydrogen and alkyl; 
or a pharmaceutically acceptable salt thereof. 

20 In another embodiment, there is provided a compound of the Formula 

(II): 




n 

wherein: 

25 X is alkylene optionally interrupted by one or more -O- groups; 

n is an integer from 0 to 4; 
Z is -C(O)-, -C(0)0-, or -C(-Q-Ri. 3 ) 2 S 
R M is selected from the group consisting of: 
hydrogen, 
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alkyl, 
aryl, 

alkylene-aryl, 
heteroaryl, 

5 alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 

10 cyano, 

nitro, 
alkoxy, 
dialkylamino, 
alkylthio, 

15 haloalkyl, 

haloalkoxy, 
alkyl, 

-NH-SO2-R1.4, 
-NH-C(0)-Ri.4, 

20 -NH-C(0)-NH 2 , 

-NH.C(0)-NH-R,^, and 
-N 3 ; 

with the proviso that if Z is -C(O)-, then may also be 
-N(CH 3 )(OCH 3 ); 

25 with the further proviso that if Z is -C(0)0-, then R M is not 

hydrogen; 

with the further proviso that if Z is -C(0)0-, then X does not 
include -O- groups; 
Q is O or S; 

30 R1-3 is selected from the group consisting of: 

alkyl, 
aryl, 
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alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
5 substituted by one or more substituents selected from the group 

consisting of: 

halogen, 

cyano, 

nitro, 

10 alkoxy, 

dialkylamino, 
alkylthio, 
haloalkyl, 
haloalkoxy, 
15 alkyl, 

-NH-SO2-R1-4, 
-NH-C(0)-Ri^, 
-NH-C(0)-NH 2 , 
-NH-C(0)-NH-R M , and 
20 -N 3 ; 

or the R1-3 groups can join together to form a ring system comprising a 
saturated or unsaturated 5-, 6-, or 7-membered ring; 
R1.4 is selected from the group consisting of: 
alkyl, 

25 aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
30 substituted by one or more substituents selected from the group 

consisting of: 

halogen, 
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cyano, 
nitro, 
alkoxy, 
dialkylamino, 
5 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, and 
-N 3 ; 

10 R is selected from the group consisting of: 

fluoro, 

alkyl, 

alkoxy, 

haloalkyl, and 
15 -N(R 9 ) 2 ; 

R 2 is selected from the group consisting of: 

hydrogen, 

alkyl, 

alkenyl, 
20 aryl, 

heteroaryl, 

heterocyclyl, 

alkylene-Y-alkyl, 

alkylene-Y-alkenyl, 
25 alkylene-Y-aryl, and 

alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
hydroxy, 
halogen, 

30 -N(R 3 ) 2 , 

-C(O)-Ci.i 0 alkyl, 
-C(O)-O-C M0 alkyl, 
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-N(R 3 >C(O)-C M0 alkyl, 

-N 3 , 
aryl, 

heteroaryl, 
5 heterocyclyl, 

-C(0)-aryl, and 
-C(0)-heteroaryl; 

wherein: 

Y is -O- or -S(0)o_ 2 -; and 
10 R3 is selected from the group consisting of: 

hydrogen, 
Cj-ioalkyl, and 
C2-ioalkenyl, and 
R 9 is selected from the group consisting of hydrogen and alkyl; 
15 or a pharmaceutically acceptable salt thereof 

In another embodiment, there is provided a compound of the Formula 

(ni): 




X-Cf-O-R^-R^ 

20 III 
wherein: 

X is alkylene optionally interrupted by one or more -O- groups; 
n is an integer from 0 to 4; 
R1-1 is selected from the group consisting of: 
25 hydrogen, 

alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 
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alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 
5 halogen, 

cyano, 
nitro, 
alkoxy, 
dialkylamino, 
10 alkylthio, 

haloalkyl, 
haloalkoxy, 
alkyl, 

-NH-S0 2 -Ri-4> 

15 -NH-C(0)-Ri-4, 

-NH-C(0)-NH 2 , 
-NH-C(0)-NH-Ri^, and 
-N 3 ; 

Ri_ 6 is alkyl or the R u6 groups can join together to form a ring system 
20 comprising a saturated 5- or 6-membered ring; 

R1.4 is selected from the group consisting of: 

alkyl, 

aryl, 

alkylene-aryl, 
25 heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 
30 halogen, 

cyano, 
nitro, 
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alkoxy, 
dialkylamino, 
alkylthio, 
haloalkyl, 

5 haloalkoxy, 

alkyl, and 
-N 3 ; 

R is selected from the group consisting of: 
fluoro, 

10 alkyl, 

alkoxy, 
haloalkyl, and 
-N(R 9 ) 2 ; and 

R 9 is selected from the group consisting of hydrogen and alkyl; or a 
1 5 pharmaceutical^ acceptable salt thereof. 

In another embodiment, there is provided a compound of the Formula 

(IV): 



20 




(R)n 

HN-X-CfOlO-R^ 

IV 

wherein: 

X is alkylene; 
n is an integer from 0 to 4; 
Rt-i is selected from the group consisting of: 
25 alkyl, 

aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 
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alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
substituted by one or more substituents selected from the group 
consisting of: 

halogen, 

5 cyano, 

nitro, 
alkoxy, 
dialkylamino, 
alkylthio, 

10 haloalkyl, 

haloalkoxy, 
alkyl, 

-NH-SO2-R1-4, 
-NH-C(0)-R,-4, 
15 -NH-C(0)-NH 2 , 

-NH-C(0)-NH-Ri_4, and 
-N 3 ; 

R1-4 is selected from the group consisting of: 
alkyl, 

20 aryl, 

alkylene-aryl, 
heteroaryl, 

alkylene-heteroaryl, and 

alkyl, aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl 
25 substituted by one or more substituents selected from the group 

consisting of: 

halogen, 

cyano, 

nitro, 

30 alkoxy, 

dialkylamino, 
alkylthio, 
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haloalkyl, 
haloalkoxy, 
alkyl, and 
-N 3 ; 

5 R is selected from the group consisting of: 

fluoro, 
alkyl, 
alkoxy, 
haloalkyl, and 

10 -N(R 9 ) 2 ; and 

R 9 is selected from the group consisting of hydrogen and alkyl; 
or a pharmaceutically acceptable salt thereof. 

As used herein, the terms "alkyl," "alkenyl," "alkynyl" and the prefix 
1 5 "alk-" are inclusive of both straight chain and branched chain groups and of 
cyclic groups, i.e. cycloalkyl and cycloalkenyl. Unless otherwise specified, 
these groups contain from 1 to 20 carbon atoms, with alkenyl groups containing 
from 2 to 20 carbon atoms, and alkynyl groups containing from 2 to 20 carbon 
atoms. In some embodiments, these groups have a total of up to 10 carbon 
20 atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4 carbon atoms. 

Cyclic groups can be monocyclic or polycyclic and preferably have from 3 to 10 
ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopropylmethyl, cyclopentyl, cyclohexyl, adamantyl, and substituted and 
unsubstituted bornyl, norbornyl, and norbornenyl. 
25 Unless otherwise specified, "alkylene," "alkenylene," and "alkynylene" 

are the divalent forms of the "alkyl," "alkenyl," and "alkynyl" groups defined 
above. The terms, "alkylenyl," "alkenylenyl," and "alkynylenyl" are use when 
"alkylene," "alkenylene," and "alkynylene," respectively, are substituted. For 
example, an arylalkylenyl group comprises an alkylene moiety to which an aryl 

30 group is attached. 

The term "haloalkyl" is inclusive of groups that are substituted by one or 
more halogen atoms, including perfluorinated groups. This is also true of other 
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groups that include the prefix "halo-." Examples of suitable haloalkyl groups are 
chloromethyl, trifluoromethyl, and the like. 

The term "aryl" as used herein includes carbocyclic aromatic rings or 
ring systems. Examples of aryl groups include phenyl, naphthyl, biphenyl, 
5 fluorenyl and indenyl. 

Unless otherwise indicated, the term "heteroatom" refers to the atoms O, 
S, orN. 

The term "heteroaryl" includes aromatic rings or ring systems that 
contain at least one ring heteroatom (e.g., O, S, N). Suitable heteroaryl groups 

10 include furyl, thienyl, pyridyl, quinolinyl, isoquinolinyl, indolyl, isoindolyl, 
triazolyl, pyrrolyl, tetrazolyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl, 
benzofuranyl, benzothiophenyl, carbazolyl, benzoxazolyl, pyrimidinyl, 
benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridinyl, isoxazolyl, 
isothiazolyl, purinyl, quinazolinyl, pyrazinyl, 1-oxidopyridyl, pyridazinyl, 

15 triazinyl, tetrazinyl, oxadiazolyl, thiadiazolyl, and so on. 

The term "heterocyclyl" includes non-aromatic rings or ring systems that 
contain at least one ring heteroatom (e.g., O, S, N) and includes all of the fully 
saturated and partially unsaturated derivatives of the above mentioned heteroaryl 
groups. Exemplary heterocyclic groups include pyrrolidinyl, tetrahydrofuranyl, 

20 morpholinyl, thiomorpholinyl, piperidinyl, piperazinyl, thiazolidinyl, 
imidazolidinyl, isothiazolidinyl, tetrahydropyranyl, quinuclidinyl, 
homopiperidinyl (azepanyl), homopiperazinyl (diazepanyl), 1,3-dioxolanyl, 
aziridinyl, dihydroisoquinolin-(l//)-yl, octahydroisoquinolin-(l//)-yl, 
dihydroquinolin-(2//)-yl, octahydroquinolin-(2,tf)-yl, dihydro-l//-imidazolyl, 

25 and the like. When "heterocyclyl" contains a nitrogen atom, the point of 
attachment of the heterocyclyl group may be the nitrogen atom. 

The terms "arylene," "heteroarylene," and "heterocyclylene" are the 
divalent forms of the "aryl," "heteroaryl," and "heterocyclyl" groups defined 
above. The terms, "arylenyl," "heteroarylenyl," and "heterocyclylenyl" are used 

30 when "arylene," "heteroarylene," and "heterocyclylene," respectively, are 

substituted. For example, an alkylarylenyl group comprises an arylene moiety to 
which an alkyl group is attached. 
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When a group (or substituent or variable) is present more than once in 
any Formula described herein, each group (or substituent or variable) is 
independently selected, whether explicitly stated or not. For example, for the 
formula -N(R 3 )2 each R3 group is independently selected. In a further example, 
5 when more than one R1.3 group is present and each R|_ 3 group contains one or 
more R1.4 groups, then each R1-3 group is independently selected, and each R1-4 
group is independently selected. 

The invention is inclusive of the compounds described herein in any of 
their pharmaceutically acceptable forms, including isomers (e.g., diastereomers 
10 and enantiomers), salts, solvates, polymorphs, and the like. In particular, if a 
compound is optically active, the invention specifically includes each of the 
compound's enantiomers as well as racemic mixtures of the enantiomers. It 
should be understood that the term "compound" includes any or all of such 
forms, whether explicitly stated or not (although at times, "salts" are explicitly 
15 stated). 

For any of the compounds presented herein, each one of the following 
variables (e.g., Z, X, Y, Y ! , R A , Rb, R2> R1-1 , Q» Ri-3> n, and so on) in any of its 
embodiments can be combined with any one or more of the other variables in 
any of their embodiments and associated with any one of the formulas described 
20 herein, as would be understood by one of skill in the art. Each of the resulting 
combinations of variables is an embodiment of the present invention. 

For certain embodiments, A is selected from the group consisting of -O-, 
-C(O)-, -S(O) 0 -2-, -CH 2 -, and -N(R4)-. 
25 For certain embodiments, Q is -O- or -S-. For certain embodiments, Q is 

-O-. 

For certain embodiments, Q' is selected from the group consisting of a 
bond, -C(R6>, -C(R*)-C(R6)-, -S(0) 2 -, and -S(0) 2 -N(R8)-. 

For certain embodiments, V is selected from the group consisting of 
30 -C(R6)-, -O-C(Ro)-, and -S(0) 2 -. 

For certain embodiments, X is alkylene optionally interrupted by one or 
more -O- groups. For certain embodiments, X is a C 1.6 alkylene or 
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10 



15 



20 



-(CH 2 )2^rO-(CH 2 )i-3-. For certain embodiments, X is alkylene. For certain 
embodiments, X is selected from the group consisting of -(CH 2 )i-<s-, 
-CH 2 -C(CH 3 ) 2 -, -(CH 2 ) 2 -0-CH 2 -, -(CH 2 ) 3 -0-CH 2 -, and -CH 2 -C(CH 3 ) 2 -CH 2 -. 
For certain embodiments, X is selected from the group consisting of -CH 2 -, 
-(CH 2 ) 2 -, -(CH 2 ) 3 -, -(CH 2 ) 4 -, -(CH 2 ) 5 -, -(CH 2 ) 6 -, -CH.CCCH^-, 
-CH 2 C(CH 3 ) 2 CH 2 -, and -(CH 2 ) 2 OCH 2 -. 

For certain embodiments, X f is selected from the group consisting of 
alkylene, alkenylene, alkynylene, arylene, and heteroarylene, wherein the 
alkylene, alkenylene, and alkynylene groups can be optionally interrupted or 
terminated with arylene, or heteroarylene, and optionally interrupted by one or 
more -O- groups. 

For certain embodiments, Y is -O- or -S(0)o- 2 -. 

For certain embodiments, Y' is selected from the group consisting of 



-S(O) 0 - 2 -, -S(0) 2 -N(R8)-, -C(R6)-, -C(R«)-0-, -O-C(R<0-, -0-C(0)-0-, 
-N(Rg)-Q»-, -C(R6)-N(R 8 )-, -0-C(R6)-N(R 8 )-, -C(R6)-N(OR 9 )-, 



For certain embodiments, Z is -C(O)-, -C(0)0-, or -C(-Q-Ri- 3 )2-. For 
certain embodiments, Z is -C(O)-. For certain embodiments, Z is -C(0)0-. For 
certain embodiments, Z is -C(-Q-Ri- 3 ) 2 -. 

For certain embodiments, R is selected from the group consisting of 
fluoro, alkyl, alkoxy, haloalkyl, and -N(R<>) 2 . In certain of these embodiments, 
R9 is selected from the group consisting of hydrogen and alkyl. 

For certain embodiments, R A and R B are each independently selected 
from the group consisting of: hydrogen, halogen, alkyl, alkenyl, alkoxy, 
alkylthio, and -N(R 9 ) 2 . For certain embodiments, R A and R B are each 
independently selected from the group consisting of hydrogen and alkyl. For 
certain embodiments, R A and R B are both methyl. 

For certain alternative embodiments, R A and R B form a fused aryl ring 
that is unsubstituted or substituted by one or more R groups. 
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For certain alternative embodiments, R A and Rb form a fused 5 to 7 
membered saturated ring, which is unsubstituted or substituted by one or more 
Ra groups. 

For certain embodiments, R* is selected from the group consisting of 
5 halogen, hydroxy, alkyl, alkenyl, haloalkyl, alkoxy, alkylthio, and -N(R9) 2 . 

For certain embodiments, Ra» and Rb* are each independently selected 
from the group consisting of: hydrogen, halogen, alkyl, alkenyl, alkoxy, 
alkylthio, and -N(R9) 2 . For certain embodiments, R A » and Rb* are independently 
selected from the group consisting of hydrogen and alkyl. For certain 
10 embodiments, R A * and Rb* are both methyl. 

For certain embodiments, R\.\ is selected from the group consisting of 
hydrogen, alkyl, aryl, alkylene-aryl, heteroaryl, alkylene-heteroaryl, and alkyl, 
aryl, alkylene-aryl, heteroaryl, or alkylene-heteroaryl substituted by one or more 
substituents selected from the group consisting of halogen, cyano, nitro, alkoxy, 
15 dialkylamino, alkylthio, haloalkyl, haloalkoxy, alkyl, -NH-SO2-R1-4, 
-NH-C(0)-Ri.4, -NH-C(0)-NH 2 , -NH-C(0)-NH-R^, and -N 3 . 

For certain embodiments, Rm is selected from the group consisting of 
aryl, alkyl, and -N(CHs)OCH3. For certain embodiments, Ri_i is selected from 
the group consisting of aryl, alkyl, and hydrogen. For certain embodiments, R M 
20 is selected from the group consisting of alkyl and aryl. For certain embodiments, 
Rm is selected from the group consisting of methyl, ethyl, w-propyl, isopropyl, 
cyclopropyl, w-butyl, sec-butyl, isobutyl, /er/-butyl, n-pentyl, cyclopentyl, «- 
hexyl, cyclohexyl, phenyl, 4-chlorophenyl and 2,4-dichlorophenyl. 

For certain embodiments, Rj-3 is selected from the group consisting of 
25 alkyl, aryl, alkylene-aryl, heteroaryl, alkylene-heteroaryl, and alkyl, aryl, 

alkylene-aryl, heteroaryl, or alkylene-heteroaryl substituted by one or more 
substituents selected from the group consisting of halogen, cyano, nitro, alkoxy, 
dialkylamino, alkylthio, haloalkyl, haloalkoxy, alkyl, -NH-SO2-R1-4, 
-NH-C(0)-R,.4, -NH-C(0)-NH 2 , -NH-C(0)-NH-Ri^, and -N 3 . For certain 
30 embodiments, the R1.3 groups can join together to form a ring system. The ring 
system includes a 5-, 6-, or 7-membered ring. One of skill in the art would 
understand that the size and components of the ring system are not limiting as 
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long as they do not destroy the immunomodulator activity of the compound (i.e., 
it is non-interfering). Typically, this means that the 5-, 6-, or 7-membered ring is 
unsubstituted or is optionally fused to one or two saturated or unsaturated 5-, 6-, 
or 7-membered rings or is substituted by one or more substituents selected from 
5 the group consisting of aryl, heteroaryl, halogen, haloalkyl, alkylene-O-alkyl, 
and substituted aryl. For certain embodiments, Ri. 3 is alkyl, or the Ri. 3 groups 
join to form a 5-membered ring. 

For certain embodiments, Rm is selected from the group consisting of 
alkyl, aryl, alkylene-aryl, heteroaryl, alkylene-heteroaryl, and alkyl, aryl, 

10 alkylene-aryl, heteroaryl, or alkylene-heteroaryl substituted by one or more 
substituents selected from the group consisting of halogen, cyano, nitro, 
alkoxy, dialkylamino, alkylthio, haloalkyl, haloalkoxy, alkyl, and -N 3 . 

For certain embodiments, Ru 6 is alkyl or the Ri_6 groups can join 
together to form a ring system comprising a saturated 5- or 6-membered ring. 

15 For certain embodiments, R2 is selected from the group consisting of 

hydrogen, alkyl, alkenyl, aryl, heteroaryl, heterocyclyl, alkylene-Y-alkyl, 
alkylene-Y- alkenyl, alkylene-Y-aryl, and alkyl or alkenyl substituted by one or 
more substituents selected from the group consisting of hydroxy, halogen, 
-N(R 3 ) 2 , -C(O)-Ci., 0 alkyl, -C(O)-O-C M0 alkyl, -N(R 3 )-C(O)-C M0 alkyl, -N 3 , aryl, 

20 heteroaryl, heterocyclyl, -C(0)-aryl, and -C(0)-heteroaryl. In certain of these 

embodiments,Y is -O- or -S(0)o-2S and R 3 is selected from the group consisting 
of hydrogen, Ci.ioalkyl, and C2-ioalkenyl. 

For certain embodiments, R2 is selected from the group consisting of 
hydrogen, alkyl, hydroxyalkyl, and alkoxyalkyl. For certain embodiments, R 2 is 

25 selected from the group consisting of hydrogen, alkyl, and alkoxyalkyl. For 
certain embodiments, R2 is selected from the group consisting of hydrogen, 
hydroxymethyl, methyl, ethyl, w-propyl, w-butyl, ethoxymethyl, and 
2-methoxyethyl. 

For certain embodiments, particularly embodiments of Formula 1-1, R 2 is 
30 selected from the group consisting of: -R4, -X'-R^ -X-Y'-R*, and -X-R 5 . 

For certain embodiments, R 3 is selected from the group consisting of 
hydrogen, Ci- 10 alkyl, and C2-ioalkenyl. 
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For certain embodiments, R4 is selected from the group consisting of 
hydrogen, alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, 
alkylarylenyl, heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, and 
alkylheteroarylenyl, wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, 
5 aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 

heteroaryloxyalkylenyl, and alkylheteroarylenyl groups can be unsubstituted or 
substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, 
hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, 
10 heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, 

dialkylamino, (dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, and 
alkynyl, oxo. 

For certain embodiments, R4 is alkyl which may be unsubstituted or 
substituted by hydroxy or alkoxy. 
15 For certain embodiments, R 5 is selected from the group consisting of: 

R / and X (CH 2 ) b -^ 
For certain embodiments, R$ is selected from the group consisting of =0 

and =S. 

For certain embodiments, R 7 is a C2-7 alkylene. 
20 For certain embodiments, Rs is selected from the group consisting of 

hydrogen, alkyl, alkoxyalkylenyl, and arylalkylenyl. For certain embodiments, 
R 8 is H or CH 3 . 

For certain embodiments, R9 is selected from the group consisting of 
hydrogen and alkyl. 
25 For certain embodiments, Rio is C3-8 alkylene. 

For certain embodiments, a and b are independently integers from 1 to 6 
with the proviso that a + b is < 7. 

For certain embodiments, n is an integer fom 0 to 4. For certain 
embodiments, n is 0. 
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For certain embodiments, particularly embodiments of Formula (1-1): if 
Z is -C(O)-, then R M may also be -N(CH 3 )(OCH 3 ); if Z is -C(0)0-, then R M is 
not hydrogen; and if Z is -C(0)0-, then X does not include -O- groups. 

For certain embodiments, particularly embodiments of Formula (1-2): if 
5 Z is -C(O)-, then R M may also be -N(CH 3 )(OCH 3 ); if Z is -C(0)0-, then R M is 
not hydrogen; and if Z is -C(0)0, then X does not include -O- groups, 
wherein: 

For certain embodiments, particularly embodiments of Formula (1-3): if 
Z is -C(O)-, then R M may also be -N(CH 3 )(OCH 3 ); if Z is -C(0)0-, then R M is 
10 not hydrogen; and if Z is -C(0)0-, then X does not include -O- groups. 

For certain embodiments, particularly embodiments of Formula (1-4): if 
Z is -C(O)-, then R M may also be -N(CH 3 )(OCH 3 ); if Z is -C(0)0-, then R M is 
not hydrogen; and if Z is -C(0)0-, then X does not include -O- groups. 

For certain embodiments, particularly embodiments of Formula (II): if Z 
15 is -C(O)-, then R M may also be -N(CH 3 )(OCH 3 ); if Z is -C(0)0-, then R M is 
not hydrogen; and if Z is -C(0)0, then X does not include -O- groups. 

For certain embodiments, Z is -C(O)- and preferably Rui is selected from 
the group consisting of aryl, alkyl, and -N(CH 3 )OCH 3 . For certain other 
embodiments, Rm is selected from the group consisting of methyl, ethyl, n- 
20 propyl, isopropyl, cyclopropyl, /i-butyl, sec-butyl, isobutyl, ter/-butyl, w-pentyl, 
cyclopentyl, w-hexyl, cyclohexyl, phenyl, 4-chlorophenyl and 
2,4-dichlorophenyl. 

For certain embodiments, Z is -C(0)0- and preferably Rm is selected 
from the group consisting of alkyl and aryl. 
25 For certain embodiments, Z is -C(-Q-Ri- 3 )2- and preferably R M is 

selected from the group consisting of alkyl, aryl, and hydrogen. For certain of 
these embodiments, Q is -O-. 

For certain embodiments, Z is -C(-Q-Ri- 3 )2- and preferably the 5-, 6-, or 
7-membered ring formed by the joining of the Ri. 3 groups is optionally fused to 
30 one or two saturated or unsaturated 5-, 6-, or 7-membered rings or is substituted 
by one or more substituents selected from the group consisting of aryl, 
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heteroaryl, halogen, haloalkyl, alkylene-O-alkyl, and substituted aryl. For 
certain of these embodiments, R1-3 is alkyl, or the Rj. 3 groups join to form a 
5-membered ring. 

5 Preparation of the Compounds 

Compounds of the invention can be prepared according to the routes 
shown herein where K\.\ 9 R1.3, R1-6, R2, R, Q, X, and n are as defined above 
except that R M is other than -N(CH 3 )(OCH 3 ). In Reaction Schemes la, lb, 2b, 
4, and 6, R is not hydroxy, R1-1 is not hydrogen, and R^i and R 2 do not contain 

10 substituents that one skilled in the art would recognize as being reactive with 
Grignard reagents. These substituents include, for example, ketone, ester, 
hydroxy, and cyano (i.e., nitrile) groups as well as groups containing -NH-. 

Ketones of the present invention of Formula la can be prepared by one of 
two routes where the ketone group is derived from an alcohol intermediate, as 

15 shown in Reaction Schemes la and lb. Alternatively, ketones of the present 
invention can be prepared by routes where the ketone group is derived from a 
ketal or acetal intermediate as shown in Reaction Schemes 2a and 2b. In another 
alternative embodiment, they can be prepared by a route where the ketone group 
is derived from an ester intermediate, as shown in Reaction Scheme 4. 

20 Ketals or acetals of the present invention of Formula XXI can be 

prepared by the route shown in Reaction Scheme 2a, which also outlines the 
preparation of compounds of Formula III. Ketals or acetals of the present 
invention of Formula Id can be prepared by the route shown in Reaction Scheme 
3. 

25 Esters of the present invention of Formula lb can be prepared as shown in 

Reaction Scheme 5 starting with a compound of Formula XXV, the preparation 
of which is shown in Reaction Scheme 4. 

Weinreb amides of the present invention of Formula Ie can be prepared 
by a route where the amide group is derived from an ester intermediate, as 

30 shown in Reaction Scheme 4. 
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Reaction Scheme la 

In step (1) of Reaction Scheme la, a 4-chloro-3-nitroquinoline of 
Formula VI is treated with an amino alcohol in the presence of triethylamine in a 
suitable solvent such as dichloromethane, wherein the amino alcohol is of the 
5 general formula H2N-X-CH2-OH and X is as defined herein. Numerous amino 
alcohols of the formula H 2 N-X-CH 2 -OH are commercially available; others can 
be readily synthesized using well-known methods. Many 4-chloro-3- 
nitroquinolines of Formula VI are known or can be prepared using known 
synthetic methods, see for example, U.S. Patent Nos. 4,689,338; 5,175,296; 

10 5,367,076; and 5,389,640; and the references cited therein. 

The resultant compound of Formula VII can be reduced in step (2) of 
Reaction Scheme la using a variety of methods to provide a quinoline-3,4- 
diamine of Formula VIII. The reaction can be carried out by hydrogenation 
using a heterogeneous hydrogenation catalyst such as platinum on carbon. The 

15 hydrogenation is conveniently carried out in a Parr apparatus in a suitable 

solvent such as toluene or ethanol. The reaction can be carried out at ambient 
temperature, and the product can be isolated using conventional methods. 

Alternatively, step (2) can be carried out using a one- or two-phase 
sodium dithionite reduction. The reaction is conveniently carried out using the 

20 conditions described by Park, K. K.; Oh, C. H.; and Joung, W. K.; Tetrahedron 
Lett 1993, 34 9 7445-7446 by adding sodium dithionite to a compound of 
Formula VII in a mixture of dichloromethane and water at ambient temperature 
in the presence of potassium carbonate and ethyl viologen dibromide. The 
product can be isolated using conventional methods. 

25 In step (3) of Reaction Scheme la, a quinoline-3,4-diamine of Formula 

VIII is treated with a carboxylic acid equivalent to provide a l//-imidazo[4,5- 
c]quinoline of Formula IX. Suitable carboxylic acid equivalents include 
orthoesters of Formula R2C(0-alkyl)3, 1,1-dialkoxyalkyl alkanoates of Formula 
R 2 C(0-alkyl) 2 (0-C(0)-alkyl), and acid chlorides of Formula R 2 C(0)C1. The 

30 selection of the carboxylic acid equivalent is determined by the desired 

substituent at R 2 . For example, triethyl orthoformate will provide a compound 
where R 2 is hydrogen, and trimethyl orthovalerate will provide a compound 



54 



WO 2005/051317 



PC17US2004/039512 



where R 2 is a butyl group. The reaction is conveniently carried out by adding 
the carboxylic acid equivalent to a quinoline-3,4-diamine of Formula VIE in a 
suitable solvent such as toluene or xylenes. Optionally, catalytic pyridine 
hydrochloride or pyridium />-toluenesulfonate can be added. The reaction is 
carried out at a temperature high enough to drive off alcohol or water formed 
during the reaction. Conveniently, a Dean-Stark trap can be used to collect the 
volatiles. 

Optionally, the alcohol group on the compound of Formula VII can be 
protected with a suitable alcohol protecting group prior to step (2), and this 
protecting group can be removed prior to step (4). Suitable protecting groups 
include the terf-butyldimethylsilyl group, which can be introduced and removed 
using conventional methods. 

In step (4) of Reaction Scheme la, the alcohol-substituted 1/7- 
imidazo[4,5-c]quinoline of Formula IX is oxidized to an aldehyde-substituted 
l/7-imidazo[4,5-c]quinoline of Formula X using conventional methods, for 
example, Swern conditions. The Swern oxidation is conveniently carried out by 
adding the compound of Formula IX followed by triethylamine to a mixture of 
oxalyl chloride and dimethylsulfoxide in a suitable solvent, such as 
dichloromethane. The reaction can be carried out at sub-ambient temperatures, 
such as -78°C, and the product can be isolated using conventional methods. 

The aldehyde-substituted l/7-imidazo[4,5-c]quinoline of Formula X is 
then treated with a Grignard reagent in step (5) of Reaction Scheme la. The 
Grignard reagent is of the formula Ri.jMgHalide to form a compound of 
Formula XI. Several of these reagents are commercially available; others can be 
prepared using known synthetic methods. The reaction is conveniently carried 
out by adding a solution of the Grignard reagent to a solution of the compound 
of Formula X in a suitable solvent such as tetrahydrofuran. The reaction can be 
carried out at ambient temperature, and the product can be isolated using 
conventional methods. 

In step (6) of Reaction Scheme la, an alcohol-substituted 1/7- 
imidazo[4,5-c]quinoline of Formula XI is oxidized to a ketone of Formula XII 
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using conventional methods. The reaction is conveniently carried out under 
Swem conditions, described in step (4) above. 

In step (7) of Reaction Scheme la, a ketone-substituted li/-imidazo[4,5- 
c]quinoline of Formula XII is oxidized to provide an TV-oxide of Formula XIII 
5 using a conventional oxidizing agent capable of forming such compounds. For 
example, the reaction can be conveniently carried out by adding 3- 
chloroperoxybenzoic acid to a solution of a compound of Formula XII in a 
solvent, such as chloroform or dichloromethane, at ambient temperature. 
In step (8) of Reaction Scheme la, the Af-oxide of Formula XIII is 

1 0 aminated to provide a ketone-substituted l//-imidazo[4,5-c]qiunolin-4-amine of 
Formula la. Step (8) involves the activation of an Af-oxide of Formula XIII by 
conversion to an ester and then reacting the ester with an aminating agent. 
Suitable activating agents include alkyl- or arylsulfonyl chlorides such as 
benzenesulfonyl chloride, methanesulfonyl chloride, or />-toluenesulfonyl 

15 chloride. Suitable aminating agents include ammonia, in the form of ammonium 
hydroxide, for example, and ammonium salts such as ammonium carbonate, 
ammonium bicarbonate, and ammonium phosphate. The reaction is 
conveniently carried out by adding ammonium hydroxide to a solution of the N- 
oxide of Formula XIII in a suitable solvent, such as dichloromethane or 

20 chloroform, and then adding /7-toluenesulfonyl chloride. The reaction can be 
carried out at ambient temperature. The resultant ketone-substituted IH- 
imidazo[4,5-c]quinolin-4-amines of Formula la or pharmaceutical^ acceptable 
salt thereof can be isolated from the reaction mixture using conventional 
methods. 
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Reaction Scheme la 




Reaction Scheme lb 

In Reaction Scheme lb, the reactions are very similar to those of 
Reaction Scheme la but in a different order. In step (1) of Reaction Scheme lb, 
a 4-chloro-3-nitroquinoline of Formula VI is treated with an amino alcohol as in 
step (1) of Reaction Scheme la. In step (2), the resultant compound of Formula 
VII is oxidized using conventional methods as in step (4) of Reaction Scheme la 
to form an aldehyde of Formula XTV. In step (3), the resultant aldehyde of 
Formula XIV is treated with a Grignard reagent as in step (5) of Reaction 
Scheme la to form a compound of Formula XV. In step (4), the compound of 
Formula XV is oxidized as in step (6) of Reaction Scheme la to form a 
compound of Formula XVI. In step (5), the compound of Formula XVI is 
reduced as in step (2) of Reaction Scheme la to form a ketone-substituted 
quinoline-3,4-diamine of Formula XVII. In step (6), the quinoline-3,4-diamine 
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of Formula XVII is cyclized using, for example, an ortho ester, as in step (3) in 
Reaction Scheme la to form a ketone-substituted l//-imidazo[4,5-c]quinoline of 
Formula XII. In step (7), the compound of Formula XII is oxidized to the Af- 
oxide as in step (7) of Reaction Scheme la to form a compound of Formula XIII. 
5 In step (8), the N-oxide of Formula XIII can be aminated as in step (8) of 
Reaction Scheme la to provide the ketone-substituted l//-imidazo[4,5- 
c]quinolin-4-amine of Formula la. 



Reaction Scheme lb 



10 




Reaction Scheme 2 a 

Ketones of the invention of Formula la and ketals and acetals of the 
invention of Formula XXI can be prepared according to Reaction Scheme 2a. In 
15 step (1) of Reaction Scheme 2a, a 4-chloro-3-nitroquinoline of Formula VI is 
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reacted with a compound of the formula H 2 N-X-C(Ri-i)(0-Ri-6) 2 , such as an 
amino ketal of this formula, wherein R M is methyl and Rj^ is ethylene, in the 
presence of triethylamine in a suitable solvent, such as chloroform or 
dichloromethane. Compounds of the formula H2N-X-C(Rm)(0-Ri-6)2 can be 
5 commercially obtained or readily synthesized using conventional methods. For 
example, see C.J. Stewart et aL, J. Liebigs Ann. der Chem., 1978, 57-65 and PCT 
Publication WO 01/51486. 

Ketals of Formula H 2 NCH 2 C(CH3)2CH 2 C(0-Ri^) 2 CH^ can be prepared 
according to referenced methods by the reaction of nitromethane and mesityl 

10 oxide, conversion of the resulting ketone to a ketal, and reduction of the nitro 
group to an amine. 

The resultant compound of Formula XVIII can be reduced using a variety 
of methods in step (2) of Reaction Scheme 2a to form a ketal- or acetal- 
substituted quinoline-3,4-diamine of Formula IE. The reduction can be carried 

15 out as described for step (2) of Reaction Scheme la. 

In step (3) of Reaction Scheme 2a, the quinoline-3,4-diamine of Formula 
III is treated with a carboxylic acid equivalent to form a ketal- or acetal- 
substituted l//-inrridazo[4,5-c]quinoline of Formula XIX. The reaction can be 
carried out as described for step (3) of Reaction Scheme la. 

20 In step (4) of Reaction Scheme 2a, the l//-imidazo[4,5-c]quinoline of 

Formula XIX can be converted to the N-oxide of Formula XX using the method 
outlined in step (7) of Reaction Scheme la. In step (5), the AT-oxide of Formula 
XX can be aminated to the compound (e.g., ketal) of Formula XXI (a subset of 
the compounds of Formula Id) as described in step (8) of Reaction Scheme la. 

25 The product or pharmaceutically acceptable salt thereof can be isolated using 
conventional methods. 

In step (6), compounds of Formula XXI can be converted to ketones of 
Formula la by acid-catalyzed hydrolysis. The reaction is conveniently carried 
out by adding a strong acid, such as hydrochloric acid, to a ketal of Formula 

30 XXL The reaction may be carried out at ambient temperature in a suitable 

solvent such as water. The product or pharmaceutically acceptable salt thereof 
can be isolated using conventional methods. 
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Reaction Scheme 2a 




la R w 



5 Reaction Scheme 2b 

Compounds of Formula la can also be prepared according to Reaction 
Scheme 2b. In step (1) of Reaction Scheme 2b, an acetal of Formula XlX-b, 
which is a subset of Formula XIX where Rm is hydrogen, undergoes acid- 
catalyzed hydrolysis to provide an aldehyde of Formula X. The reaction can be 
10 carried out as described for step (6) of Reaction Scheme 2a. 

In step (2) of Reaction Scheme 2b, an aldehyde of Formula X reacts with 
a Grignard reagent of Formula Ri-iMgHalide. The reaction can be carried out as 
described in step (5) of Reaction Scheme la to provide an alcohol of Formula 
XL 
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In steps (3) through (5) of Reaction Scheme 2b, an alcohol of Formula XI 
is oxidized using conventional methods to a ketone-substituted l//-imidazo[4,5- 
c]quinoline of Formula XII, which is converted to a N-oxide of Formula XQL 
The compound of Formula XIII is then aminated to provide a ketone-substituted 
5 l//-imidazo[4,5-c]quinolin-4-amine of Formula la. Steps (3), (4), and (5) of 

Reaction Scheme 2b can be carried out as described for steps (6), (7), and (8) of 
Reaction Scheme la. 



Reaction Scheme 2b 




Reaction Scheme 3 

Ketals and acetals of the invention can be prepared according to Reaction 

15 Scheme 3. Step (1) of Reaction Scheme 3 involves the conversion of a ketone or 
aldehyde of Formula XII to a ketal or acetal of Formula XIX by reaction with a 
compound of Formula H-Q-R1.3 or H-Q-R1-3-Q-H. The reaction can be carried 
out by treating a ketone or aldehyde of Formula XII with a compound of 
Formula H-Q-R1-3-Q-H or two equivalents of a compound of Formula H-Q-R1.3 

20 in the presence of an acid catalyst. Conditions for this reaction are well known 
to one skilled in the art. See, for example, Greene, T. W.; Wuts, P. G. M. 
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Protective Groups in Organic Synthesis ; John Wiley & Sons, Inc.: New York, 
2 nd Ed, 1991, p. 178. 

In step (2) of Reaction Scheme 3, a compound of Formula XXII is 
oxidized to a l/f-imidazo[4,5-c]quinoline-5Af-oxide of Formula XXHI, which is 
5 then aminated to a l//-imidazo[4,5-c]quinolin-4-amine of Formula Id. Steps (2) 
and (3) of Reaction Scheme 3 can be carried out as steps (7) and (8) of Reaction 
Scheme la. The product or pharmaceutically acceptable salt thereof can be 
isolated using conventional methods. 

Alternatively, ketones of Formula la can be converted to ketals of 
10 Formula Id by the reaction described in step (1) of Reaction Scheme 3. 



Reaction Scheme 3 




1 5 Reaction Scheme 4 

Compounds of Formula la and Formula Ie can be prepared according to 
Reaction Scheme 4. In step (1) of Reaction Scheme 4, a 4-chloro-3- 
nitroquinoline of Formula VI is reacted with a compound of the formula H 2 N-X- 
C(0)(0-Ri-i) - HC1 to form a compound of Formula XXIV. This reaction is 
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conveniently carried out in the presence of triethylamine in a suitable solvent, 
such as dichloromethane. Compounds of the formula H 2 N-X-C(0)(0- Rm) - 
HC1 can be commercially obtained or readily synthesized using conventional 
methods. For example, the amino ester wherein R\.\ is ethyl and X is propylene 
5 or dodecylene can be synthesized according to the procedure of C. Temple et al., 
J, Med. Chem., 1988, 57, 697-700. 

In steps (2) and (3) of Reaction Scheme 4, a compound of Formula 

XXIV is reduced to form a quinoline-3,4-diamine of Formula IV, which can be 
cyclized with a carboxylic acid equivalent to form a l//-imidazo[4,5-c]quinoline 

10 of Formula XXV. Steps (2) and (3) of Reaction Scheme 4 can be carried out as 
described for steps (2) and (3) of Reaction Scheme la. 

In step (4), the ester group of a l//-imidazo[4,5-cjquinoline Formula 

XXV is converted to a Weinreb amide to provide a l//-imidazo[4,5-c]quinoline 
of Formula XXVL The transformation can be carried out by base-promoted 

15 hydrolysis of the ester to form a carboxylic acid, conversion to an acid chloride 
using conventional methods, and finally treating the acid chloride with N y O- 
dimethylhydroxylamine hydrochloride to form a Weinreb amide of Formula 
XXVL The base-promoted hydrolysis is conveniently carried out by adding 
sodium hydroxide to an ester-substituted l//-imidazo[4,5-c]quinoline Formula 

20 XXV in a suitable solvent such as ethanol. The reaction can be carried out at 
ambient temperature, and the product can be isolated using conventional 
methods. The conversion of the resulting carboxylic acid to an acid chloride is 
conveniently carried out by slowly adding oxalyl chloride to a solution of the 
carboxylic acid in a suitable solvent such as dichloromethane. The reaction can 

25 be carried out at a sub-ambient temperature, such as 0°C. The resulting acid 
chloride can then be treated with Af,0-dimethylhydroxylamine hydrochloride 
followed by triethylamine in a suitable solvent such as dichloromethane. The 
reaction can be run at ambient temperature, and the product of Formula XXVI 
can be isolated using conventional methods. 

30 Alternatively, step (4) can be carried out in one step by treating an ester- 

substituted l//-imidazo[4,5-c]quinoline Formula XXV with an aluminum 
reagent made from trimethylaluminum and W,0-dimethylhydroxylamine 
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hydrochloride. The reaction is conveniently carried out by adding a solution of 
an ester-substituted l//-imidazo[4,5-c]quinoline of Formula XXV in a suitable 
solvent such as dichloromethane to a pre-reacted mixture of trimethylaluminum 
and A^O-dimethylhydroxylamine hydrochloride in a suitable solvent such as 
5 dichloromethane. The reaction can then be heated at an elevated temperature, 
for example, the reflux temperature of the solvent. The product can be isolated 
using conventional methods. 

In steps (5) and (6) of Reaction Scheme 4, a l//-imidazo[4,5-c]quinoline 
of Formula XXVI is converted to a N-oxide of Formula XXVII, which is 

10 aminated to provide a l//-imidazo[4,5-c]quinolin-4-amine of Formula Ie. Steps 
(5) and (6) of Reaction Scheme 4 can be carried out as described for steps (7) 
and (8) of Reaction Scheme la. The product or pharmaceutically acceptable salt 
thereof can be isolated using conventional methods. 

Compounds of Formula la are available using an alternative route shown 

15 in Reaction Scheme 4 steps (7), (8), and (9). The Weinreb amide of Formula 

XXVI is treated with a Grignard reagent of Formula Ri-iMgHalide in step (7) to 
form a ketone of Formula XII. The Grignard reaction can be carried out as 
described in step (5) of Reaction Scheme la. In step (8), the ketone-substituted 
l/Mmidazo[4,5-c]quinoline of Formula XH is oxidized to an Af-oxide of 

20 Formula XIII as described in step (7) of Reaction Scheme la. In step (9), the N- 
oxide of Formula XIII is aminated as described in step (8) of Reaction Scheme 
la to provide the ketone-substituted l/7-imidazo[4,5-c]quinolin-4-amine of 
Formula la. 
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Reaction Scheme 4 




la 
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Reaction Scheme 5 

In Reaction Scheme 5, a l//-imidazo[4,5-c]quinoline of Formula XXV, 
prepared as described in steps (1) through (3) of Reaction Scheme 5, is 
converted to a compound of Formula lb. In step (1), the l//-imidazo[4,5- 
5 c]quinoline of Formula XXV is oxidized to an Af-oxide as in step (7) of Reaction 
Scheme la to form a compound of Formula XXVIII. In step (2), the Af-oxide of 
Formula XXVIII is aminated as in step (8) of Reaction Scheme la to provide the 
ester-substituted l//-imidazo[4,5-c]quinolin-4-amine of Formula lb. The 
product or pharmaceutically acceptable salt thereof can be isolated using 
10 conventional methods. 



Reaction Scheme 5 




OR„ OR t . t OR,., 

XXV XXVIII lb 



15 

Reaction Scheme 6 

Ketones of Formula I-3b can be prepared according to Reaction Scheme 
6, where Rm, R 2 , Ras Rb*, and X are as defined above and Ph is phenyl. In step 
(1) of Reaction Scheme 6, a 2,4-dichloro-3-nitropyridine of Formula XXX is 

20 reacted with an amino ester of the Formula H 2 N-X-C(0)-0-alkyl or a 

hydrochloride salt thereof to form a 2-chloro-3-nitropyridine of Formula XXXI. 
The reaction is conveniently carried out by combining an amino ester of Formula 
H 2 N-X-C(0)-0-alkyl - HC1 and a 2,4-dichloro-3-nitropyridine of Formula XXX 
in the presence of a base such as triethylamine in an inert solvent such as N>N- 

25 dimethylformamide (DMF). The reaction can be carried out at ambient 

temperature, and the product can be isolated from the reaction mixture using 
conventional methods. Many 2,4-dichloro-3-nitropyridines of the Formula XXX 
are known and can be readily prepared using known synthetic methods. (See, 
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for example, Dellaria et al, U.S. Pat. No. 6,525,064 and the references cited 
therein.) 

In step (2) of Reaction Scheme 6, a 2-chloro-3-nitropyridine of Formula 
XXXI is reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5- 
5 a]pyridin-7-amine of Formula XXXII. The reaction can be carried out by 
combining the compound of Formula XXXI with an alkali metal azide, for 
example, sodium azide, in a suitable solvent such as acetonitrile/water, 
preferably 90/10 acetonitrile/water, in the presence of cerium in chloride, 
preferably cerium in chloride heptahydrate. Optionally, the reaction can be 
1 0 carried out with heating, for example, at the reflux temperature. Alternatively, 
the reaction can be carried out by combining the compound of Formula XXXI 
with an alkali metal azide, for example, sodium azide, in a suitable solvent such 
as DMF and heating, for example to about 50-60 °C, optionally in the presence 
of ammonium chloride. The product can be isolated from the reaction mixture 
15 using conventional methods. 

In step (3) of Reaction Scheme 6, an 8-nitrotetrazolo[l,5-a]pyridin-7- 
amine of Formula XXXVI is reduced to provide a tetrazolo[l,5-a]pyridine-7,8- 
diamine of Formula XXXIII. The reduction can be carried out by hydrogenation 
using a conventional heterogeneous hydrogenation catalyst, for example, 
20 platinum on carbon or palladium on carbon. The reaction can conveniently be 
carried out on a Parr apparatus in a suitable solvent such as acetonitrile or ethyl 
acetate. The product can be isolated from the reaction mixture using 
conventional methods. Alternatively, the reduction can be carried out using the 
one- to two-phase sodium dithionite reduction described in step (2) of Reaction 
25 Scheme la. 

In step (4) of Reaction Scheme 6, a tetrazolo[l,5-a]pyridine-7,8-diamine 
of Formula XXXIQ is reacted with a carboxylic acid equivalent to provide a 7H- 
imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula XXXIV. The reaction can be 
carried out as described in step (3) of Reaction Scheme la, and the product can 
30 be isolated from the reaction mixture using conventional methods. 

In step (5) of Reaction Scheme 6, the ester group of the 7/f-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridine of Formula XXXIV is converted to a Weinreb amide 
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to provide a 7//-imidazo[4,5-c]tetrazolo[l,5-flt]pyridine of Formula XXXV. The 
conversion can be carried out as described in step (4) of Reaction Scheme 4, and 
the product can be isolated from the reaction mixture using conventional 
methods. 

5 In step (6) of Reaction Scheme 6, the Weinreb amide of Formula XXXV 

is treated with a Grignard reagent of Formula Ri_iMgHalide to form a ketone of 
Formula XXXVI. The Grignard reaction can be carried out as described in step 
(5) of Reaction Scheme la, and the product can be isolated from the reaction 
mixture using conventional methods. 

10 In step (7) of Reaction Scheme 6, a 7//-imidazo[4,5-c]tetrazolo[l,5- 

a]pyridine of Formula XXXVI is reacted with triphenylphosphine to form an N- 
triphenylphosphinyl intermediate of Formula XXXVII. The reaction with 
triphenylphosphine can be run in a suitable solvent such as toluene or 1,2- 
dichlorobenzene under an atmosphere of nitrogen with heating, for example at 

15 the reflux temperature. The product can be isolated from the reaction mixture 
using conventional methods. 

In step (8) of Reaction Scheme 6, an Af-triphenylphosphinyl intermediate 
of Formula XXXVII is hydrolyzed to provide a ketone substituted IH- 
imidazo[4,5-c]pyridin-4-amine of Formula I- 3b. The hydrolysis can be carried 

20 out by general methods well known to those skilled in the art, for example, by 
heating in a lower alkanol in the presence of an acid. The product can be 
isolated from the reaction mixture using conventional methods as the compound 
of Formula I-3b or as a pharmaceutically acceptable salt thereof. 

Esters of Formula 1-3 (Z is -C(O)O-) can be prepared by omitting steps 

25 (5) and (6). 

Weinreb amides of Formula 1-3 (Z is -C(O)- and Rm is 
-N(CH 3 )(OCH3)) can be prepared from esters of Formula 1-3 using the method 
of step (5). 
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Reaction Scheme 6 
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5 Reaction Scheme 7 

Ketones of Formula I-4b can be prepared according to Reaction Scheme 
7, wherein Rb is alkyl, alkoxy, or -N(Ro) 2 and R2b, Ri-ib» and X b are subsets of 
R 2 , Ri-i, and X as defined above that do not include those substituents that one 
skilled in the art would recognize as being susceptible to reduction under the 
10 acidic hydrogenation conditions of the reaction. These susceptible groups 

include, for example, alkenyl, alkynyl, and aryl groups and groups bearing nitro 
substituents. 

In step (1) of Reaction Scheme 7, a l//-imidazo[4,5-c]quinoline of 
Formula Xlb is converted to a l//-imidazo[4,5-c]quinolin-4-amine of Formula 
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XXXVHIb. The conversion can be carried out as described in steps (7) and (8) 
of Reaction Scheme la, and the product can be isolated from the reaction 
mixture using conventional methods. 

In step (2) of Reaction Scheme 7, a l//-imidazo[4,5-c]quinolin-4-amine 
5 of Formula XXXVHIb is reduced to a 6,7,8,94etrahydro-l#-imidazo[4,5- 

c]quinolin-4-amine of Formula XXXIXb. The reaction is conveniently carried 
out under hetereogeneous hydrogenation conditions by adding platinum (IV) 
oxide to a solution of the compound of Formula XXXVHIb in trifluoroacetic 
acid and placing the reaction under hydrogen pressure. The reaction can be 

10 carried out on a Parr apparatus at ambient temperature. The product can be 
isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme 7, the alcohol-substituted 6,7,8,9- 
tetrahydro-l//-imidazo[4,5-c]quinolin«4-amine of Formula XXXIXb is oxidized 
to a ketone-substituted 6,7,8,9-tetrahydro-l//-imidazo[4,5-c]quinolin-4-amine of 

1 5 Formula I-4b. The oxidation can be carried out as described in step (4) of 

Reaction Scheme la. The product or pharmaceutically acceptable salt thereof 
can be isolated by conventional methods. 
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Reaction Scheme 7 




l-4b R i-ib 



Compounds of the invention can also be prepared using variations of the 
5 synthetic routes shown in Reaction Schemes 1 through 7 that would be apparent 
to one of skill in the art. For example, the ketones of Formulas la, I-3b, and I-4b 
can be converted to ketals using the method described in step (1) of Reaction 
Scheme (3). Compounds of the invention can also be prepared using the 
synthetic routes described in the EXAMPLES below. 

10 

Pharmaceutical Compositions and Biological Activity 

Pharmaceutical compositions of the invention contain a therapeutically 
effective amount of a compound or salt of the invention as described above in 
combination with a pharmaceutically acceptable carrier. 

15 The terms "a therapeutically effective amount" and "effective amount" 

mean an amount of the compound or salt sufficient to induce a therapeutic or 
prophylactic effect, such as cytokine induction, immunomodulation, antitumor 
activity, and/or antiviral activity. Although the exact amount of active 
compound or salt used in a pharmaceutical composition of the invention will 

20 vary according to factors known to those of skill in the art, such as the physical 
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and chemical nature of the compound or salt, the nature of the carrier, and the 
intended dosing regimen, it is anticipated that the compositions of the invention 
will contain sufficient active ingredient to provide a dose of about 100 
nanograms per kilogram (ng/kg) to about 50 milligrams per kilogram (mg/kg), 
5 preferably about 10 micrograms per kilogram (|ig/kg) to about 5 mg/kg, of the 

compound or salt to the subject. A variety of dosage forms may be used, such as 
tablets, lozenges, capsules, parenteral formulations, syrups, creams, ointments, 
aerosol formulations, transdermal patches, transmucosal patches and the like. 
The compounds or salts of the invention can be administered as the 

10 single therapeutic agent in the treatment regimen, or the compounds or salts of 

the invention may be administered in combination with one another or with other 
active agents, including additional immune response modifiers, antivirals, 
antibiotics, antibodies, proteins, peptides, oligonucleotides, etc. 

Compounds or salts of the invention have been shown to induce the 

15 production of certain cytokines in experiments performed according to the test 
set forth below. These results indicate that the compounds or salts are useful as 
immune response modifiers that can modulate the immune response in a number 
of different ways, rendering them useful in the treatment of a variety of 
disorders. 

20 Cytokines whose production may be induced by the administration of 

compounds or salts of the invention generally include interferon-ct (IFN-a) 
and/or tumor necrosis factor-a (TNF-a) as well as certain interleukins (IL). 
Cytokines whose biosynthesis may be induced by compounds or salts of the 
invention include IFN-a, TNF-a, IL-1, IL-6, IL-10 and IL-12, and a variety of 

25 other cytokines. Among other effects, these and other cytokines can inhibit virus 
production and tumor cell growth, making the compounds or salts useful in the 
treatment of viral diseases and neoplastic diseases. Accordingly, the invention 
provides a method of inducing cytokine biosynthesis in an animal comprising 
administering an effective amount of a compound or salt or composition of the 

30 invention to the animal. The animal to which the compound or salt or 

composition is administered for induction of cytokine biosynthesis may have a 
disease as described infra, for example a viral disease or a neoplastic disease, 
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and administration of the compound or salt may provide therapeutic treatment. 
Alternatively, the compound or salt may be administered to the animal prior to 
the animal acquiring the disease so that administration of the compound or salt 
may provide a prophylactic treatment. 
5 In addition to the ability to induce the production of cytokines, 

compounds or salts of the invention can affect other aspects of the innate 
immune response. For example, natural killer cell activity may be stimulated, an 
effect that may be due to cytokine induction. The compounds or salts may also 
activate macrophages, which in turn stimulate secretion of nitric oxide and the 

10 production of additional cytokines. Further, the compounds or salts may cause 
proliferation and differentiation of B-lymphocytes. 

Compounds or salts of the invention can also have an effect on the 
acquired immune response. For example, the production of the T helper type 1 
(T H 1) cytokine IFN-y may be induced indirectly and the production of the T 

15 helper type 2 (Th2) cytokines IL-4, IL-5 and IL-13 may be inhibited upon 
administration of the compounds or salts. 

Whether for prophylaxis or therapeutic treatment of a disease, and 
whether for effecting innate or acquired immunity, the compound or salt or 
composition may be administered alone or in combination with one or more 

20 active components as in, for example, a vaccine adjuvant. When administered 
with other components, the compound or salt and other component or 
components may be administered separately; together but independently such as 
in a solution; or together and associated with one another such as (a) covalently 
linked or (b) non-covalently associated, e.g., in a colloidal suspension. 

25 Conditions for which compounds or salts identified herein may be used 

as treatments include, but are not limited to: 

(a) viral diseases such as, for example, diseases resulting from infection 
by an adenovirus, a herpesvirus (e.g., HSV-I, HS V-II, CMV, or VZV), a 
poxvirus (e.g., an orthopoxvirus such as variola or vaccinia, or molluscum 

30 contagiosum), a picornavirus (e.g., rhinovirus or enterovirus), an orthomyxovirus 
(e.g., influenzavirus), a paramyxovirus (e.g., parainfluenzavirus, mumps virus, 
measles virus, and respiratory syncytial virus (RSV)), a coronavirus (e.g., 
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SARS), a papovavirus (e.g., papillomaviruses, such as those that cause genital 
warts, common warts, or plantar warts), a hepadnavirus (e.g., hepatitis B virus), 
a flavivirus (e.g., hepatitis C virus or Dengue virus), or a retrovirus (e.g., a 
lentivirus such as HIV); 
5 (b) bacterial diseases such as, for example, diseases resulting from 

infection by bacteria of, for example, the genus Escherichia, Enterobacter, 
Salmonella, Staphylococcus, Shigella, Listeria, Aerobacter, Helicobacter, 
Klebsiella, Proteus, Pseudomonas, Streptococcus, Chlamydia, Mycoplasma, 
Pneumococcus, Neisseria, Clostridium, Bacillus, Corynebacterium, 
10 Mycobacterium, Campylobacter, Vibrio, Serratia, Providencia, 

Chromobacterium, Brucella, Yersinia, Haemophilus, or Bordetella; 

(c) other infectious diseases, such chlamydia, fungal diseases including 
but not limited to candidiasis, aspergillosis, histoplasmosis, cryptococcal 
meningitis, or parasitic diseases including but not limited to malaria, 

15 Pneumocystis camii pneumonia, leishmaniasis, cryptosporidiosis, toxoplasmosis, 
and trypanosome infection; 

(d) neoplastic diseases, such as intraepithelial neoplasias, cervical 
dysplasia, actinic keratosis, basal cell carcinoma, squamous cell carcinoma, renal 
cell carcinoma, Kaposi's sarcoma, melanoma, leukemias including but not 

20 limited to myelogeous leukemia, chronic lymphocytic leukemia, multiple 
myeloma, non-Hodgkin's lymphoma, cutaneous T-cell lymphoma, B-cell 
lymphoma, and hairy cell leukemia, and other cancers; 

(e) TH2-mediated, atopic diseases, such as atopic dermatitis or eczema, 
eosinophilia, asthma, allergy, allergic rhinitis, and Ommen's syndrome; 

25 (f) certain autoimmune diseases such as systemic lupus erythematosus, 

essential thrombocythaemia, multiple sclerosis, discoid lupus, alopecia areata; 
and 

(g) diseases associated with wound repair such as, for example, inhibition 
of keloid formation and other types of scarring (e.g., enhancing wound healing, 
30 including chronic wounds). 

Additionally, compounds or salts of the present invention may be useful 
as a vaccine adjuvant for use in conjunction with any material that raises either 
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humoral and/or cell mediated immune response, such as, for example, live viral, 
bacterial, or parasitic immunogens; inactivated viral, tumor-derived, protozoal, 
organism-derived, fungal, or bacterial immunogens, toxoids, toxins; self- 
antigens; polysaccharides; proteins; glycoproteins; peptides; cellular vaccines; 
5 DNA vaccines; autologous vaccines; recombinant proteins; and the like, for use 
in connection with, for example, BCG, cholera, plague, typhoid, hepatitis A, 
hepatitis B, hepatitis C, influenza A, influenza B, parainfluenza, polio, rabies, 
measles, mumps, rubella, yellow fever, tetanus, diphtheria, hemophilus influenza 
b, tuberculosis, meningococcal and pneumococcal vaccines, adenovirus, HIV, 

10 chicken pox, cytomegalovirus, dengue, feline leukemia, fowl plague, HSV-1 
and HSV-2, hog cholera, Japanese encephalitis, respiratory syncytial virus, 
rotavirus, papilloma virus, yellow fever, and Alzheimer's Disease. 

Compounds or salts of the present invention may be particularly helpful 
in individuals having compromised immune function. For example, compounds 

15 or salts may be used for treating the opportunistic infections and tumors that 
occur after suppression of cell mediated immunity in, for example, transplant 
patients, cancer patients and HIV patients. 

Thus, one or more of the above diseases or types of diseases, for 
example, a viral disease or a neoplastic disease may be treated in an animal in 

20 need thereof (having the disease) by administering a therapeutically effective 
amount of a compound or salt of the invention to the animal. 

An amount of a compound or salt effective to induce cytokine 
biosynthesis is an amount sufficient to cause one or more cell types, such as 
monocytes, macrophages, dendritic cells and B-cells to produce an amount of 

25 one or more cytokines such as, for example, EFN-ct, TNF-a, IL-1, IL-6, IL-10 

and IL-1 2 that is increased (induced) over a background level of such cytokines. 
The precise amount will vary according to factors known in the art but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 
|ag/kg to about 5 mg/kg. The invention also provides a method of treating a viral 

30 infection in an animal and a method of treating a neoplastic disease in an animal 
comprising administering an effective amount of a compound or salt or 
composition of the invention to the animal. An amount effective to treat or 
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inhibit a viral infection is an amount that will cause a reduction in one or more of 
the manifestations of viral infection, such as viral lesions, viral load, rate of virus 
production, and mortality as compared to untreated control animals. The precise 
amount that is effective for such treatment will vary according to factors known 
5 in the art but is expected to be a dose of about 100 ng/kg to about 50 mg/kg, 

preferably about 10 \xg/kg to about 5 mg/kg. An amount of a compound or salt 
effective to treat a neoplastic condition is an amount that will cause a reduction 
in tumor size or in the number of tumor foci. Again, the precise amount will 
vary according to factors known in the art but is expected to be a dose of about 
10 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to about 5 mg/kg. 



EXAMPLES 

Objects and advantages of this invention are further illustrated by the 
1 5 following examples, but the particular materials and amounts thereof recited in 

these examples, as well as other conditions and details, should not be construed to 
unduly limit this invention. 



Example 1 

20 4-(4- Amino-2 -butyl- 1 //-imidazo[4,5-c]quinolin- 1 -yl)- 1 -phenylbutan- 1 -one 




Step 1: 

To a stirred mixture of 4-chloro-3-nitroquinoline (100.0 g, 479 mmol) 
and triethylamine (72.8 g, 719 mmol) in dichloromethane (700 mL) was added 
25 dropwise 4-amino-l-butanol (42.7 g, 479 mmol). After the addition was 

complete, water (500 mL) was added to the reaction mixture to cause the product 
to precipitate. More water (2 L) was added, and the mixture was stirred 
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overnight and then filtered. The organic solution was dried over sodium sulfate, 
concentrated under reduced pressure, and combined with the product isolated by 
filtration to provide 4-(3-nitroquinolin-4-ylamino)butan-l-ol (1 13 g) as a bright 
yellow solid. 
5 Step 2: 

To a stirred solution of 4-(3-nitroquinolin-4-ylamino)butan-l-ol (70.0 g, 
268 mmol) and triethylamine (54.2 g, 536 mmol) in chloroform (900 mL) was 
added tert-butyldimethylsilyl chloride (TBDMSC1, 60.6 g, 402 mmol). After 3.5 
hours, additional triethylamine (19.0 g, 188 mmol) and TBDMSC1 (20.2 g, 134 

10 mmol) were added and the mixture stirred overnight. After the addition of 

additional TBDMSC1 (4.0 g, 27 mmol), the reaction was complete as judged by 
thin layer chromatography (TLC). Chloroform (900 mL) was added and the 
mixture washed successively with 360 mL each of a 0.10 N hydrochloric acid 
solution, a saturated aqueous sodium bicarbonate solution, and brine; dried over 

15 sodium sulfate; filtered; and solvent evaporated to leave a mixture of [4-(terf- 
butyldimethylsilanyloxy)butyl](3-nitro-quinolin-4-yl)amine and tert- 
butyldimethylsilanol (1 17 g total, about 65:35 molrmol) which was used in the 
next step without further purification. 
Step 3: 

20 The mixture of [4-(^r/-butyldimethylsilanyloxy)butyl](3-nitro-quinolin- 

4-yl)amine and terf-butyldimethylsilanol (1 10 g) from the previous step was 
dissolved in toluene (880 mL) and placed in a Parr hydrogenation vessel along 
with 5% platinum on carbon catalyst (3.0 g). The vessel was pressurized to 50 
psi (3.4 x 10^ Pa) hydrogen and shaken on the Parr apparatus for 1 .5 hours, 

25 occasionally adding additional hydrogen to maintain a pressure of 50 psi (3.4 x 

10^ Pa). After 3 hours, the reaction mixture was filtered through CELITE filter 
agent and concentrated under reduced pressure to provide 7V 4 -[4-(/er/- 
butyldimethylsilanyloxy)butyl]quinoline-3,4-diamine as a dark oil that was used 
directly in the next step without further purification. 
30 Step 4: 

A solution of JV 4 -[4-(^r/-butyldimethylsilanyloxy)butyl]quinoline-3,4- 
diamine (62.9 g, 182 mmol) and trimethyl orthovalerate (45.2 g, 278 mmol) in 
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toluene (200 mL) was heated at reflux for 2 hours and then concentrated under 
reduced pressure to provide 2-butyM-[4-(/err-butyldimethylsilanyloxy)butyl]- 
17/-imidazo[4,5-c]quinoline as an oil that was used directly in the next step 
without further purification. 
5 Step 5: 

The 2-butyl- 1 -[4-(/er/-butyldimethylsilanyloxy)butyl]-li/-imidazo[4,5- 
c]quinoline from the previous step and tetrabutylammonium fluoride (142 mL of 
a 1 M solution in tetrahydrofuran) were dissolved in tetrahydrofiiran (THF) (400 
mL) and stirred for 1 hour, then concentrated under reduced pressure to provide 
10 4-(2-butyl-l//-imidazo[4,5-c]quinolin-l-yl)butan-l-ol (20.0 g) as a light brown 
solid after chromatography on silica gel (elution with 10% methanol in 
dichloromethane). 

Step 6: 

A solution of dimethyl sulfoxide (DMSO, 7.88 g, 101 mmol) in 
15 dichloromethane (130 mL) was cooled in a dry ice/acetone bath and stirred. 

Oxalyl chloride (9.40 g, 74 mmol) was added dropwise, followed by a solution 
of 4-(2-butyl-l//-imidazo[4,5-c]quinolin-l-yl)butan-l-ol (20.0 g, 67.3 mmol) in 
dichloromethane (320 mL). After five minutes triethylamine (20.42 g, 202 
mmol) was added, and the mixture was allowed to warm to room temperature. 
20 After the addition of chloroform (500 mL), the mixture was washed successively 
with a saturated ammonium chloride solution (200 mL) and a saturated aqueous 
sodium bicarbonate solution (200 mL), dried over sodium sulfate, filtered, and 
concentrated to a dark solid. This solid was slurried in diethyl ether until a fine 
solid resulted. The product was filtered and dried to provide 4-(2-butyl-l//- 
25 imidazo[4,5-c]quinolin-l-yl)butyraldehyde (17.9 g) as a light brown solid. 
Step 7: 

To a stirred solution of 4-(2-butyl-l//-imidazo[4,5-c]quinolin-l- 
yl)butyraldehyde (8.0 g, 27.1 mmol) in anhydrous THF (270 mL) was added 
dropwise a solution of phenylmagnesium bromide (27.08 mL of a 1 M solution 
30 in THF). After 30 minutes, the solution was quenched with saturated ammonium 
chloride (100 mL), diluted with ethyl acetate (300 mL), and the layers separated. 
The organic solution was washed successively with a saturated aqueous sodium 
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bicarbonate solution (100 mL) and brine (100 mL), dried over sodium sulfate, 
filtered, and concentrated to a light orange oil. Chromatography on silica gel 
(elution with 5% methanol in dichloromethane) provided 4-(2-butyM//- 
imidazo[4,5-c]quinolin-l-yl)-l-phenylbutan-l-ol (4.3 g) as a light orange, 
5 gummy solid. 

Step 8: 

A solution of DMSO (1.35 g, 17.3 mmol) in dichloromethane (22 mL) 
was cooled in a dry ice/acetone bath and stirred. Oxalyl chloride (1.61 g, 12.7 
mmol) was added dropwise, followed by a solution of 4-(2 -butyl- \H- 

10 imidazo[4,5-c]quinolin-l-yl)-l-phenylbutan-l-ol (4.3 g, 1 1.5 mmol) in 

dichloromethane (55 mL). After five minutes, triethylamine (3.49 g, 34.5 mmol) 
was added, and the mixture was allowed to warm to room temperature. After the 
addition of chloroform (300 mL), the mixture was washed successively with a 
saturated ammonium chloride solution (100 mL) and a saturated aqueous sodium 

15 bicarbonate solution (100 mL), dried over sodium sulfate, filtered, and 
concentrated to provide 4-(2-butyl-li/-imidazo[4,5-c]quinolin-l-yl)-l- 
phenylbutan-l-one (4.15 g) as an off-white solid. 
Step 9: 

To a stirred solution of 4-(2-butyl-l//-imidazo[4,5-c]quinolin-l-yl)-l- 
20 phenylbutan-1 -one (4. 1 5 g, 1 1 .2 mmol) in chloroform (56 mL) was added 3- 
chloroperoxybenzoic acid (m-CPBA, approximately 77% purity, 2.75 g, 12.3 
mmol) portionwise over a several minute period. After 1 hour, the reaction was 
not complete as judged by TLC, so an additional charge of m-CPBA (1.0 g) was 
added. After stirring for 30 minutes, the mixture was diluted with chloroform 
25 (200 mL), washed successively with a saturated aqueous sodium bicarbonate 
solution (2 x 100 mL) and brine (100 mL), dried over sodium sulfate, filtered, 
and concentrated to provide 4-(2-butyl-5-oxido-l//-imidazo[4,5-c]quinolin-l- 
yl)-l-phenylbutan-l-one as a dark oil that was used directly in the next step 
without further purification. 
30 Step 10: 

To a vigorously stirred mixture of the 4-(2-butyl-5-oxido-l//- 
imidazo[4,5-c]quinolin-l-yl)-l-phenylbutan-l-one from the previous step in 
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dichloromethane (49 mL) and ammonium hydroxide (16 mL) was added p- 
toluenesulfonyl chloride (2.34 g, 12.3 mmol) portionwise over several minutes. 
After 1 5 minutes the reaction mixture was diluted with chloroform (200 mL) and 
saturated aqueous sodium bicarbonate solution (100 mL). The layers were 
5 separated and the organic phase was washed again with a saturated aqueous 
sodium bicarbonate solution (100 mL). The aqueous portions were then back 
extracted with chloroform (50 mL). The organics were combined, dried over 
sodium sulfate, filtered, and concentrated to a dark yellow solid. The dark 
yellow solid was slurried in diethyl ether and filtered to form a fine off-white 
10 solid. This solid was recrystallized from Af,Af-dimethylformamide (DMF) and 
water to afford 4-(4-amino-2-butyl-l// L imidazo[4,5-c]quinolin-l-yl)-l- 
phenylbutan-l-one as an off-white fluffy solid, mp 178-180 °C. 
MS (APCI) m/z 387 (M + H) + ; 

Anal, calcd for C24H26N4O: C, 74.58; H, 6.78; N, 14.50. Found: C, 74.45; H, 
15 6.77; N, 14.47. 

Example 2 

5-(4-Amino-2-butyl-l//-imidazo[4,5-c]quinolin-l-yl)pentan-2-one 




20 Steps 1-6 were carried out as described above for the Preparation of 

Example 1. 

Step 7: 

The general method described in Step 7 of Example 1 was used to react 
4-(2-butyl-l/f-imidazo[4,5-c]quinolin-l-yl)butyraldehyde (8.5 g, 28.8 mmol) 
25 with methylmagnesium bromide (20.6 mL of a 1 .4 M solution in toluene/THF, 
28.8 mmol) to provide 5-(2-butyl-l//-imidazo[4,5-c]quinolin-l-yl)pentan-2-ol 
(3.54 g) as an off-white solid after chromatography on silica gel (elution with 
5% methanol in dichloromethane). 
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Step 8: 

The general method described in Step 8 of Example 1 was used to 
oxidize 5-(2-butyl-17/-imidazo[4,5-c]quinolin-l-yl)pentan-2-ol (3.54 g, 11.4 
mmol) with DMSO (1.33 g, 17.1 mmol), oxalyl chloride (1.59 g, 12.5 mmol), 
5 and triethylamine (3.45 g, 34.1 mmol) to provide 5-(2 -butyl- l//-imidazo[4,5- 
c]quinolin-l-yl)pentan-2-one (2.15 g) as a dark solid. 
Steps 9 and 10: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate 5-(2-butyl-l//-imidazo[4 > 5-c]quinolin-l-yl)pentan-2-one (2.15 g, 6.95 

10 mmol) by reaction with m-CPBA (1 .71 g, 7.64 mmol) to provide 5-(2-butyl-5- 
oxido-l//-imidazo[4,5-c]quinolin-l-yl)pentan-2-one followed by reaction with 
p-toluenesulfonyl chloride (1.46 g, 7.64 mmol) and ammonium hydroxide 
solution (10 mL) to provide 5-(4-amino-2-butyl-l//-imidazo[4,5-c]quinolin-l- 
yl)pentan-2-one as an off-white solid, mp 173-176 °C. 

1 5 MS (APCI) m/z 325 (M + H) + ; 

Anal, calcd for Ci 9 H 2 4N 4 0: C, 70.34; H, 7.46; N, 17.27. Found: C, 70.24; H, 
7.37; N, 17.25. 



Example 3 

20 4-(4- Amino- lif-imidazo[4,5-c]quinolin- 1 -yl)- 1 -phenylbutan- 1 -one 




Steps 1-3 were carried out as described above for the Preparation of 
Example 1. 

Step 4: 

25 A mixture of iV 4 -[4-(rer/-butyldimethylsilanyloxy)butyl]quinoline-3,4- 

diamine (101 g, 293 mmol) and triethyl orthoformate (43.4 g, 293 mmol) in 
toluene (200 mL) was heated at reflux for 2 hours and then concentrated under 
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reduced pressure to provide l-[4-(/err-butyldimethylsilanyloxy)butyl]-l//- 
imidazo[4,5-c]quinoline as an oil that was used directly in the next step without 
further purification. 
Step 5: 

5 The 1 - [4-(/er/-butyld imethylsi lanyloxy)but yl] - 1 //-imidazo [4,5- 

c]quinoline (46.0 g, 129 mmol) from the previous step and tetrabutylammonium 
fluoride (142 mLofalM solution in THF) were dissolved in THF (400 mL) 
and stirred for 1 hour, then concentrated under reduced pressure to provide 4- 
(l//-imidazo[4,5-c]quinolin-l-yl)butan-l-ol (20.0 g) as a light brown solid after 
10 chromatography on silica gel (elution with 10% methanol in dichloromethane). 
Step 6: 

The general method described in Step 6 of Example 1 was used to 
oxidize 4-(l//-imidazo[4,5-c]quinolin-l-yl)butan-l-ol (20.0 g, 82.9 mmol) with 
DMSO (48.6 g, 620 mmol), oxalyl chloride (58.0 g, 456 mmol), and 

15 triethylamine (126 g, 1.25 mol) to provide 4-(l/f-imidazo[4,5-c]quinolin-l- 

yl)butyraldehyde (10.0 g) as a light orange oil after chromatography on silica gel 
(elution with 10% methanol in dichloromethane) followed by brief treatment 
with trifluoroacetic acid (0.10 g, 1 mmol) in a mixture of THF (50 mL) and 
water (20 mL). 

20 Step 7: 

The general method described in Step 7 of Example 1 was used to react 
4-(l//-imidazo[4,5-c]quinolin-l-yl)butyraldehyde (7.94 g, 33.2 mmol) with 
phenylmagnesium bromide (33.2 mL of a 1 M solution in THF, 33.2 mmol) to 
provide 4-(l//-imidazo[4,5-c]quinolin-l-yl)-l-phenylbutan-l-ol (7.2 g) as an 

25 off-white solid that was used directly in the next step without further 
purification. 

Step 8: 

By the general method described in Step 6 of Example 1, 4-(l//- 
imidazo[4,5-c]quinolin-l-yl)-l-phenylbutan-l-ol) (7.2 g, 22.7mmol) was 
30 oxidized with DMSO (2.70 g, 34.0 mmol), oxalyl chloride (3.20 g, 25.0 mmol), 
and triethylamine (6.90 g, 68.1 mmol) to provide 4-(l//-imidazo[4,5-c]quinolin- 
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l-yl)-l-phenylbutan-l-one (4.08 g) as a light yellow solid after chromatography 
on silica gel (elution with 10% methanol in dichloromethane). 
Step 9: 

The general method described in Steps 9 and 10 of Example 1 was used 
5 to aminate 4-(l//-imidazo[4,5-c]quinolin-l-yl)-l-phenylbutan-l-one (4.08 g, 
12.9 mmol) by reaction with m-CPBA (3.20 g, 14.2 mmol) to provide 4-(5- 
oxido- l//-imidazo[4,5-c]quinolin- 1 -yl)- 1 -phenylbutan- 1 -one followed by 
reaction with /?-toluenesulfonyl chloride (2.71 g, 14.2 mmol) and ammonium 
hydroxide solution (22 mL) to provide 4-(4-amino-l//-imidazo[4,5-c]quinolin-l- 
1 0 yl)- 1 -phenylbutan-1 -one) as white needles, mp 209-2 1 1 °C. 
MS (APCI) m/z 331 (M + H) + ; 

Anal, calcd for C 2 oHi 8 N 4 0: C, 72.71; H, 5.49; N, 16.96. Found: C, 72.60; H, 
5.39; N, 16.98. 

15 Example 4 

6-(4- Amino-2-butyl- 1 //-imidazo[4,5-c] quinolin- 1 -yl)- 1 -phenylhexan- 1 -one 




Stepl: 

To a stirred mixture of 4-chloro-3-nitroquinoline (50.0 g, 240 mmol) and 
20 triethylamine (36.4 g, 360 mmol) in dichloromethane (370 mL) was added 6- 

amino-l-hexanol (28.1 g, 240 mmol) portionwise over a ten-minute period. The 
mixture was heated at reflux for 35 minutes, cooled, and diluted with chloroform 
(300 mL). The solution was washed successively with water (200 mL), a 
saturated aqueous sodium bicarbonate solution (200 mL), and brine (200 mL); 
25 dried over sodium sulfate; filtered; and concentrated to a bright yellow solid, 6- 
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(3-nitroquinolin-4-ylamino)hexan-l-ol (68.3 g), that was used directly in the 
next step without further purification. 
Step 2: 

The alcohol from Step 1, 6-(3-nitro-quinolin-4-ylamino)hexan-l-ol (10.0 
5 g, 34.6 mmol), was oxidized by the general method described in Step 6 of 
Example 1 with DMSO (4.05 g, 51.8 mmol), oxalyl chloride (4.83 g, 38.0 
mmol), and triethylamine (10.5 g, 104 mmol) to provide 6-(3-nitroquinolin-4- 
ylamino)hexanal (9.9 g) as a bright yellow solid that was used directly in the 
next step without further purification. 
10 Step 3: 

By the general method described in Step 7 of Example 1, 6-(3- 
nitroquinolin-4-ylamino)hexanal (9.9 g, 34.5 mmol) was reacted with 
phenylmagnesium bromide (36.2 mL of a 1 M solution in THF, 36.2 mmol) to 
provide 6-(3-nitroquinolin-4-ylamino)-l-phenylhexan-l-ol (4.4 g) as a bright 
15 yellow solid after chromatography on silica gel (elution with ethyl acetate and 
hexane, 1:1, volume:volume). 
Step 4: 

By the general method described in Step 6 of Example 1, 6-(3- 
nitroquinolin-4-ylamino)-l-phenylhexan-l-ol (4.0 g, 1 1 mmol) was oxidized 
20 with DMSO (1 .28 g, 16.4 mmol), oxalyl chloride (1 .53 g, 12.0 mmol), and 

triethylamine (3.32 g, 32.8 mmol) to provide 6-(3-nitroquinolin-4-ylamino)-l- 
phenylhexan-l-one (2.27 g) as light orange crystals after recrystallization from 
ethyl acetate. 

Step 5: 

25 A mixture of 6-(3-nitroquinolin-4-ylamino)-l -phenylhexan-1 -one (2.27 

g, 6.25 mmol) and 5% platinum on carbon catalyst (0.50 g) in toluene (60 mL) 

was hydrogenated on a Parr shaker at 50 psi (3.4 x 10 5 Pa) for 3 hours. After 
filtration through CELITE filter agent and concentration under reduced pressure, 
6-(3-aminoquinolin-4-ylamino)-l -phenylhexan-1 -one (2.09 g) was obtained as a 
30 dark yellow oil that was used directly in the next step without further 
purification. 

Step 6: 
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A solution of 6-(3-aminoquinolin-4-ylamino)-l-phenylhexan-l-one (2.09 
g, 6.25 mmol) and trimethyl orthovalerate (1.52 g, 9.37 mmol) in toluene (50 
raL) was heated at reflux under a Dean-Stark trap for 2 hours, then concentrated 
under reduced pressure to provide 6-(2-butyl-l^-imidazo[4,5-c]quinolin-l-yl)-l- 
5 phenylhexan- 1 -one (2. 19 g) as a dark red oil that was used directly in the next 
step without further purification. 

Steps 7 and 8: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate 6-(2-butyl- 1 fMmidazo[4, 5 -c]quinolin- 1 -yl)- 1 -phenylhexan- 1 -one 

10 (2.19 g, 5.48 mmol) by reaction with m-CPBA (1.35 g, 6.03 mmol) to provide 6- 
(2-butyl-5-oxido- l//-imidazo[4,5-c]quinolin- 1 -yl)- 1 -phenylhexan- 1 -one 
followed by reaction with jp-toluenesulfonyl chloride (1.15 g, 6.03 mmol) and 
ammonium hydroxide solution (9 mL) to provide 6-(4-amino-2-butyl-l//- 
imidazo[4,5-c]quinolin-l-yl)-l-phenylhexan-l-one (0.50 g) as a white solid after 

15 chromatography on silica gel (elution with 10% methanol in dichloromethane) 
and recrystallization from ethanol, mp 149-151 °C. 
MS (APCI) m/z 415 (M + H) + ; 

Anal, calcd for C26H30N4O: C, 75.33; H, 7.29; N, 13.52. Found: C, 75.14; H, 
7.13; N, 13.48. 

20 

Example 5 

6-(4- Amino- l//-imidazo[4,5-c]quinolin- 1 -yl)- 1 -phenylhexan- 1 -one 




Step 1: 

25 By the general method described in Step 6 of Example 4, a solution of 6- 

(3-aminoquinolin-4-ylamino)-l-phenylhexan-l-one (2.76 g, 8.25 mmol), 
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trimethyl orthoformate (1.5 g, 9.9 mmol), and pyridine hydrochloride (95 mg, 
0.83 mmol) in toluene (26 mL) was heated at reflux under a Dean-Stark trap for 
2 hours, then concentrated under reduced pressure to provide 6-(l//-imidazo[4,5- 
c]quinolin-l-yl)-l-phenylhexan-l-one as a dark oil that was used directly in the 
5 next step without further purification. 
Step 2: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate 6-(l//-imidazo[4,5-c]quinolin-l-yl)-l-phenylhexan-l-one (2.0 g, 5.8 
mmol) by reaction with m-CPBA (1.44 g, 6.41 mmol) to provide 6-(5-oxido-l//- 

10 imidazo[4,5-c]quinolin-l-yl)-l-phenylhexan-l-one followed by reaction with p- 
toluenesulfonyl chloride (1.22 g, 6.41 mmol) and ammonium hydroxide solution 
(10 mL) to provide 6-(4-amino-lf/-imidazo[4,5-c]quinolin-l-yl)-l-phenylhexan- 
1-one (0.29 g) as an off-white solid after chromatography on silica gel (elution 
with 5% methanol in dichloromethane) and recrystallization from 

1 5 dichloroethane, mp 163-165°C. 
MS (APCI) m/z 359 (M + H) + ; 

Anal, calcd for C22H22N4O: C, 73.72; H, 6.19; N, 15.63. Found: C, 73.66; H, 
5.88; N, 15.55. 

20 Example 6 

2-Methyl-l-[3-(2-methyl-[l,3]dioxolan-2-yl)propyl]- 
li/-imidazo[4,5-c]quinolin-4-amine 




Step 1: 

25 The general method described in Step 1 of Example 1 was used to react 

4-chloro-3-nitroquinoline (45.0 g, 216 mmol), 3-(2-methyl-[l,3]dioxolan-2- 
yl)propylamine (37.0 g, 255 mmol, prepared as described in PCT Publication 
WO 01/51486) and triethylamine (37.0 g, 366 mmol) in dichloromethane for 15 
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hours to provide [3-(2-methyl-[13]dioxolan-2-yl)propyl]-(3-nitroquinolin-4- 
yl)amine (44.1 g) as a yellow solid after recrystallization from a toluene/hexane 
mixture. 

Step 2: 

5 The product from the previous step, [3-(2-methyl-[l ,3]dioxolan-2- 

yl)propyl](3-nitro-quinolin-4-yl)amine (29.5 g, 93.0 mmol), was stirred with 
sodium dithionite (67.0 g, approximately 85% pure), potassium carbonate (51.4 
g, 372 mmol), and ethyl viologen dibromide (0.37 g, 1 mmol) in a mixture of 
dichloromethane and water (375 mL each) for 15 hours. The layers were then 

10 separated, and the organic phase was washed successively with a saturated 
aqueous sodium bicarbonate solution and water (250 mL each), dried over 
potassium carbonate, filtered, and concentrated under reduced pressure to 
provide A^-[3-(2-methyl-[ 1 ,3]dioxolan-2-yl)-propyl]quinoline-3,4-diamine (26.0 
g) as a dark solid that was used directly in the next step without further 

15 purification. 

Step 3: 

A solution of A^-[3-(2-methyl-[l,3]dioxolan-2-yl)propyl]quinoline-3,4- 
diamine (6.20 g, 21.6 mmol), triethyl orthoacetate (3.10 g„ 25.8 mmol) and 
pyridinium/7- toluenesulfonate (0.18 g, 0.71 mmol) in toluene (250 mL) was 

20 heated at reflux under a Dean-Stark trap for 2 hours, periodically draining off the 
distillate and adding fresh toluene to the reaction mixture. The solution was 
concentrated under reduced pressure, and the residue was taken up in 
dichloromethane (150 mL), washed successively with a saturated aqueous 
sodium bicarbonate solution and water (100 mL each), dried over potassium 

25 carbonate, filtered, and concentrated under reduced pressure to provide 2- 

methyl-l-[3<2-methyl-[l,3]dioxolan-2-yl)propyl]-l//-imidazo[4,5-c]quinoh 
(6.70 g) as a dark oil that was used directly in the next step without further 
purification. 

Step 4: 

30 The general method described in Steps 9 and 10 of Example 1 was used 

to aminate 2-methyl- 1 -[3-(2-methyl-[ i ,3]dioxolan.2.yl)propyl]-li/-imidazo[4,5- 
cjquinoline (6.70 g, 21.5 mmol) by reaction with m-CPBA (9.4 g) to provide 2- 
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methyl- 1 -[3-(2-methyl-[ 1 ,3]dio^ 

c]quinoline followed by reaction with /?-toluenesulfonyl chloride (7.20 g, 37.8 
mmol) and ammonium hydroxide solution (100 mL) to provide 2-methyl-l-[3- 
(2-methyl-[13]dioxolan-2-yl)propyl]-l//-imidazo[4,5-c]quinolin-4-aniine (3.9 
5 g) as an off-white solid after recrystallization from toluene, mp 193-195 °C. 
MS (APCI) m/z 327 (M + H) + ; 

Anal, calcd for C 18 H 2 2N40 2 : C, 66.24; H, 6.79; N, 17.17. Found: C, 66.07; H, 
6.58; N, 16.91. 

10 Examples 7, 8, 9, and 10 were prepared by the general method described 

above for Example 6, wherein the orthoester or acid chloride described below 
was substituted for triethyl orthoacetate in Step 3 of the synthesis. 

Example 7 

1 5 2-Ethyl- 1 -[3-(2-methyl-[ 1 ,3]dioxolan-2-yl)propyl]- 

l//-imidazo[4,5-c]quinolin-4-amine 




By utilizing triethyl orthopropionate in Step 3 of Example 6, 2-ethyl-l- 
[3-(2-methyl-[ 1 ,3]dioxolan-2-yl)propyl]- 1 //-imidazo[4,5-c]quinolin-4-amine 
20 was prepared, mp 195-196.5 °C. 
MS (APCI) m/z 341 (M + H) + ; 

Anal, calcd for C9H24N4O2: C, 67.04; H, 7.1 1; N, 16.46. Found C, 66.77; H, 
7.20; N, 16.41. 
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Example 8 

1 -[3-(2-Methyl-[ 1 ,3]dioxolan-2-yl)propyl]-2-propyl- 
l//-imidazo[4,5-c]quinolin-4-amine 




By utilizing trimethyl orthobutyrate in Step 3 of Example 6, l-[3-(2- 
methyl-[ 1 ,3]dioxolan-2-yl)propyl]-2-propyl- l//-imidazo[4,5-c]quinolin-4-amine 
was prepared, mp 184-186 °C. 
MS (APCI) m/z = 355 (M+H) + ; 
10 Anal, calcd for C20H26N4O2: C, 67.77; H, 7.39; N, 15.81 . Found C, 67.55; H, 
7.45; N, 15.74. 



Example 9 

2-Butyl- 1 -[3-(2-methyl-[ 1 ,3]dioxolan-2-yl)propyl]- 
1 5 l/f-imidazo[4,5-c]quinolin-4-amine 




By utilizing trimethyl orthovalerate in Step 3 of Example 6, 2-butyl-l-[3- 
(2-methyl-[l,3]dioxolan-2-yl)propyl]-l^-imidazo[4,5-c]quinolin-4-amine was 
prepared, mp 169-171.5 °C. 
20 MS (APCI) m/z = 369 (M+H) + ; 

Anal, calcd for C21H28N4CVO.9 H 2 0: C, 68.17; H, 7.67; N, 15.14. Found C, 
67.84; H, 7.69; N, 14.99. 
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Example 10 

2-Ethoxymethyl-l-[3-(2-methyl-[l,3]dioxolan-2-yl)propyl]- 
1 //-imidazo [4 , 5 -c] quinolin-4-amine 




5 By utilizing ethoxyacetyl chloride (1.1 equivalents) and triethylamine 

(1.1 equivalents) instead of triethyl orthoacetate and pyridinium />- 
toluenesulfonate in Step 3 of Example 6, 2-ethoxymethyM-[3-(2-methyl- 
[ 1 ,3]dioxolan-2~yl)propyl]- l//-imidazo[4,5-c]quinolin-4-amine was prepared, 
mp 150-152 °C. 
1 0 MS (APCI) m/z 371 (M + H) + ; 

Anal, calcd for C20H26N4O3: C, 64.84; H, 7.07; N, 15.12. Found: C, 64.65; H, 
7.13; N, 15.01. 



Example 1 1 

15 5 - (4-Amino-2-methyl- 1 //-imidazo [4, 5 -c] quinolin- 1 -yl)pentan-2-one 

N 
N 

Concentrated hydrochloric acid (3 mL) was added to 2-methyl-l-[3-(2- 
methyl-[l,3]dioxolan-2-yl)propyl]-l//-imidazo[4,5-c]quinolin-4-amine (1 .0 g, 
2.7 mmol), and the mixture stirred for a few minutes until everything was in 
20 solution. Water (5 mL) was then added and the solution stirred for one hour at 
room temperature. After the addition of dichloromethane (75 mL) and water (25 
mL), the solution was made basic by the slow addition of potassium carbonate 
(10.0 g). The layers were separated, and the organic layer was washed with a 
saturated aqueous sodium bicarbonate solution (25 mL), dried over potassium 
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carbonate, filtered, and concentrated under reduced pressure to provide 5-(4- 
amino-2-methyl-l//-imidazo[4,5-c]quinolin-l-yl)pentan-2-one, mp 194-196 °C. 
MS (APCI) m/z 283 (M + H) + ; 

Anal, calcd for Ci 6 Hi 8 N 4 O-0.44 H 2 0: C, 66.20; H, 6.56; N, 19.30. Found: C, 
5 66.23; H, 6.52; N, 19.35. 

Examples 12, 13, 14 were prepared by the general method described 
above for Example 1 1 by acid-catalyzed hydrolysis of the appropriate ketal. 

10 Example 12 

5-(4-Amino-2-ethyl-l//-imidazo[4,5-c]quinolin-l-yl)pentan-2-one 

N / 

>-/ 
N 

2-Ethyl- 1 -[3-(2-methyl-[l ,3]dioxolan-2-yl)propyl]- l//-imidazo[4,5- 
c]quinolin-4-amine was hydrolyzed to 5-(4-amino-2-ethyl-l#-imidazo[4,5- 
15 c]quinolin-l-yl)pentan-2-one, mp 206-208 °C. 
MS (APCI) m/z = 297 (M+H) + ; 

Anal, calcd for C17H20N4O: C, 68.90; H, 6.80; N, 18.9. Found C, 68.66; H, 6.84; 
N, 18.62. 
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Example 13 

5-(4-Amino-2 -propyl- l//-imidazo[4,5-c]quinolin- 1 -yl)pentan-2-one 




l-[3-(2-Methyl-[l,3]dioxolan-2-yl)propyl]-2-propyl-l//-imidazo[4,5- 
5 c]quinolin-4-amine was hydrolyzed to 5-(4-amino-2-propyl-l//-imidazo[4,5- 
c]quinolin-l-yl)pentan-2-one, mp 176-177 °C. 
MS (APCI) ra/z = 31 1 (M+H) + ; 

Anal, calcd for C,8H22N 4 O0.0125 CH 2 C1 2 : C, 69.46; H, 7.13; N, 17.99. Found 
C, 69.12; H, 7.15; N, 17.71. 

10 

Example 14 

5-(4-Amino-2-ethoxymethyl- l//-imidazo[4,5-c]quinolin- 1 -yl)pentan-2-one 




2-Ethoxymethyl-l -[3-(2-methyl-[ 1 ,3]dioxolan-2-yl)propyl]- IH- 
imidazo[4,5-c]quinolin-4-amine was hydrolyzed to 5-(4-amino-2-ethoxymethyl- 
l//-imidazo[4,5-c]quinolin-l-yl)pentan-2-one, mp 173-175 °C. 
MS (APCI) m/z 327 (M + H) + ; 

Anal, calcd for CnjI^N^: C, 66.24; H, 6.79; N, 17.17. Found: C, 66.05; H, 
6.94; N, 16.89. 



15 



20 
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Example 15 

7-(4-Amino-2-propyl- l//-imidazo[4,5-c]quinolin-l -yl)heptan-2-one 




Step 1: 

5 Ethyl 6-aminocaproate hydrochloride was prepared from 6-aminocaproic 

acid, thionyl chloride, and ethanol by the general method of C. Temple, Jr., R.D. 
Elliott, and J. A. Montgomery, J. Med. Chem., 1988, 31, 697-700. The general 
method described in Step 1 of Example 1 was used to react 4-chloro-3- 
nitroquinoline (41.7 g, 200 mmol), ethyl 6-aminocaproate hydrochloride (46.9 g, 
10 240 mmol) and triethylamine (50.6 g, 500 mmol) in dichloromethane for 15 
hours to provide ethyl 6-(3-nitroquinolin-4-ylamino)hexanoate (60.6 g) as a 
yellow solid. 

Step 2: 

A Parr hydrogenation vessel was charged with ethyl 6-(3-nitroquinolin-4- 
15 ylamino)hexanoate (14.4 g, 43.2 mmol), 10% palladium on carbon catalyst (1.0 
g), and ethanol (250 mL); placed on a Parr shaker; and the system pressurized to 
40 psi (2.7 x 10^ Pa) hydrogen. After shaking for 15 hours, the reaction mixture 
was filtered through CELITE filter agent and concentrated under reduced 
pressure to provide ethyl 6-(3-aminoquinolin-4-ylamino)hexanoate as a dark oil 
20 (9.8 g) that was used directly in the next step without further purification. This 
step was repeated several times to provide material for the subsequent step. 
Step 3: 

A solution of ethyl 6-(3-aminoquinolin-4-ylamino)hexanoate (34.3 g, 
114 mmol), trimethyl orthobutyrate (19.5 g, 131 mmol), and pyridinium p- 
25 toluenesulfonate (1 .0 g, 4.0 mmol) in toluene (250 mL) was heated at reflux 

under a Dean-Stark trap for 5 hours, periodically draining off the distillate and 
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adding fresh toluene to the reaction mixture. The solution was concentrated 
under reduced pressure, and the residue was taken up in dichloromethane (150 
mL), washed successively with a saturated aqueous sodium bicarbonate solution 
and water (100 mL each), dried over potassium carbonate, filtered, and 
5 concentrated under reduced pressure to provide ethyl 6-(2 -propyl- 1//- 

imidazo[4,5-c]quinolin-l-yl)hexanoate (36.0 g) as a dark oil that was used 
directly in the next step without further purification. 
Step 4: 

To a solution of ethyl 6-(2-propyl-l//-imidazo[4,5-c]quinolin-l- 

10 yl)hexanoate (39.0 g, 1 10 mmol) in ethanol (100 mL) was added a solution of 
sodium hydroxide (5.73 g, 143 mmol) in water (100 mL). After stirring at room 
temperature overnight, the volatiles were removed under reduced pressure, the 
residue taken up in water (200 mL), the solution washed with dichloromethane 
(3 x 75 mL) and then acidified to about pH 6. The aqueous mixture was 

15 extracted with dichloromethane (3 x 75 mL), and then the combined organic 
fractions were dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure to provide 6-(2-propyl-l//-iirudazo[4,5-c]quinolin-l- 
yl)hexanoic acid (31 .0 g) as a solid that was used directly in the next step 
without further purification. 

20 Step 5: 

To a solution of 6-(2-propyl-l/f-imidazo[4,5-c]quinolin-l-yl)hexanoic 
acid (31 .0 g, 95.3 mmol) in dichloromethane (200 mL) in an ice bath was added 
oxalyl chloride (21.9 g, 172 mmol) dropwise over a 30 minute period. The 
reaction mixture was then stirred for one hour at room temperature then 

25 concentrated under reduced pressure, and dichloromethane (400 mL) and N,0- 
dimethylhydroxylamine hydrochloride (18.6 g, 190 mmol) were added to the 
residue followed by the dropwise addition of triethylamine (38.5 g, 380 mmol). 
After stirring at room temperature overnight, the reaction mixture was washed 
successively with a saturated aqueous sodium bicarbonate solution and brine 

30 (100 mL each), dried over potassium carbonate, filtered, and concentrated under 
reduced pressure to provide JV-methoxy-iV-methyl-6-(2-propyl-l//-imidazo[4,5- 
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c]quinolin-l-yl)hexanamide (28.0 g) as a dark oil that was used directly in the 
next step without further purification. 
Step 6: 

To a solution of A^-methoxy-A^methyl-6-(2-propyl-l/f-imidazo[4,5- 
5 c]quinolin-l-yl)hexanamide (22.0 g, 59.7 mmol) in chloroform (20 mL) and 
THF (200 mL) in an ice bath was added dropwise a solution of 
methylmagnesium bromide (40 mL of a 3 M solution in diethyl ether, 120 
mmol). After 1 hour another charge of methylmagnesium bromide (40 mL of a 
3 M solution in diethyl ether, 120 mmol) was added, the reaction mixture stirred 

10 at room temperature for 1 more hour and then quenched by the addition of a 10% 
solution of hydrochloric acid (about 10 mL). The mixture was concentrated 
under reduced pressure, the residue taken up in dichloromethane (200 mL), and 
the solution washed successively with a saturated aqueous sodium bicarbonate 
solution and brine (100 mL each), dried over potassium carbonate, and filtered. 

15 The solution was concentrated under reduced pressure and chromatographed on 
silica gel (elution with 3% methanol in dichloromethane) to provide 7-(2-propyl- 
l//-imidazo[4,5-c]quinolin-l-yl)heptan-2-one (12.6 g) as an oil that was used 
directly in the next step without further purification. 
Step 7: 

20 The general method described in Steps 9 and 10 of Example 1 was used 

to aminate 7-(2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)heptan-2-one (5.0 g, 
15.5 mmol) by reaction with m-CPBA (8.0 g) to provide 7-(5-oxido-2-propyl- 
l//-imidazo[4,5-c]quinolin-l-yl)heptan-2-one followed by reaction with p- 
toluenesulfonyl chloride (4.42 g, 23.2 mmol) and ammonium hydroxide solution 

25 (50 mL) to provide 7-(4-amino-2-propyl"l//-imidazo[4,5-c]quinolin-l- 

yl)heptan-2-one) as an off-white solid after recrystallization from a mixture of 
acetonitrile, ethyl acetate, and hexane, mp 161-163 °C. 
MS (APCI) m/z = 339 (M+H) + ; 

Anal, calcd for C20H26N4O: C, 70.98; H, 7.74; N, 16.55. Found C, 70.62; H, 
30 7.91; N, 16.37. 
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Example 16 

1 2-(4- Amino-2-propyl- l//-imidazo[4,5-c]quinolin-l -yl)- 1 -phenyldodecan- 1 -one 

hydrochloride 




5 Stepl: 

Ethyl 12-aminododecanoate hydrochloride was prepared from 12- 
aminododecanoic acid, thionyl chloride, and ethanol by the general method of C. 
Temple, Jr., R.D. Elliott, and J.A. Montgomery, J. Med. Chem., 1988, 31, 697- 
700. The general method described in Step 1 of Example 15 was used to react 4- 

10 chloro-3-nitroquinoline (15.5 g, 74.4 mmol), ethyl 12-aminododecanoate 

hydrochloride (25.0 g, 89.3 mmol), and triethylamine (18.8 g, 186 mmol) in 
dichloromethane for 15 hours to provide ethyl 12-(3-nitroquinolin-4- 
ylamino)dodecanoate (30.0 g) as a yellow solid that was used directly in the next 
step without further purification. 

15 Step 2: 

The general method described in Step 2 of Example 15 was used to 
reduce ethyl 12-(3-nitroquinolin-4-ylamino)dodecanoate (30.0 g, 77.0 mmol) to 
provide ethyl 12-(3-aminoquinolin-4-ylamino)dodecanoate (30.4 g) as a solid 
that was used directly in the next step without further purification. 

20 Step 3: 

The general method described in Step 3 of Example 15 was used to 
cyclize ethyl 12-(3-aminoquinolin-4-ylamino)dodecanoate (30.4 g, 78.8 mmol) 
by reaction with trimethyl orthobutyrate (13.4 g, 90.6 mmol) to provide ethyl 12- 
(2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)dodecanoate (32.1 g) as a solid that 

25 was used directly in the next step without further purification. 
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Steps 4 and 5: 

The general method described in Step 4 of Example 15 was used to 
provide 12-(2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)dodecanoic acid (33.6 g) 
which was converted to Mmethoxy"A^methyl-12-(2-propyl-l//-imidazo[4,5- 
5 c]quinolin-l-yl)dodecanamide (36.8 g) by the general method described in Step 
5 of Example 15. 

Step 6: 

The general method described in Step 6 of Example 15 was used to react 
A/-methoxy-7S^methyl-12-(2-propyl-l//-imidazo[4,5-c]quinolin-l- 
10 yl)dodecanamide (6.0 g, 13.3 mmol) with phenylmagnesium bromide (26.5 

mmol, 26.5 mL of a 1 M solution in THF) to provide l-phenyl-12-(2-propyl-li/- 
imidazo[4,5-c]quinolin-l-yl)dodecan-l-one (6.0 g). 

Step 7: 

The general method described in Steps 9 and 10 of Example 1 was used 
15 to aminate l-phenyl-12-(2-propyl-l/f-imidazo[4,5-c]quinolin-l-yl)dodecan-l- 
one (6.0 g, 12.8 mmol) by reaction with m-CPBA (8.18 g) to provide 12-(5- 
oxido-2-propyl- l//-imidazo[4,5-c]quinolin- 1 -yl)- 1 -phenyldodecan- 1 -one 
followed by reaction with /7-toluenesulfonyl chloride (3.65 g, 19.2 mmol) and 
ammonium hydroxide solution (40 mL). The product was dissolved a mixture of 
20 ethanol and diethyl ether, and a solution of hydrogen chloride (1 equivalent of a 
1 .0 M solution in diethyl ether) was added. A precipitate formed, and the 
solvents were removed under reduced pressure. The resulting solid was 
recrystallized from a mixture of isopropanol and hexane to provide 12-(4-amino- 
2-propyl-l^-imidazo[4,5-c]quinolin-l-yl)-l-phenyldodecan-l-one 
25 hydrochloride as an off-white solid, mp 195-196° C. 
MS (APCI) m/z = 485 (M+H) + ; 

Anal, calcd for C 3 iH4oN 4 0-1.20 HC1-0.17 H 2 Or C, 70.05; H, 7.87; N, 10.52. 
Found C, 69.97; H, 7.70; N, 10.46. 
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Example 17 
1 -(4- Ammo-2-propyl- l//-imida^ 




Step 1: 

5 The general method described in Step 1 of Example 15 was used to react 

4-chloro-3-nitroquinoline (49.6 g, 238 mmol), ethyl 4-aminobutyrate 
hydrochloride (43.8 g, 262 mmol), and triethylamine (36.1 g, 357 mmol) in 
dichloromethane for 15 hours to provide ethyl 4-(3-nitroquinolin-4- 
ylamino)butyrate (63.8 g) as a yellow solid that was used directly in the next step 
1 0 without further purification. 
Step 2: 

The general method described in Step 2 of Example 6 was used to reduce 
ethyl 4-(3-nitroquinolin-4-ylamino)butyrate (37.0 g, 122 mmol) to provide ethyl 
4-(3-aminoquinolin-4-ylamino)butyrate (24.9 g) as a dark oil that was used 
15 directly in the next step without further purification. 

Step 3: 

The general method described in Step 3 of Example 15 was used to 
cyclize ethyl 4-(3-aminoquinolin-4-ylamino)butyrate (18.0 g, 65.9 mmol) by 
reaction with trimethyl orthobutyrate (10.4 g, 70.2 mmol) to provide ethyl 4-(2- 
20 propyl-l//-imidazo[4,5-c]quinolin-l-yl)butyrate (14.2 g) as a solid after 

chromatography on silica gel (elution with 5% methanol in dichloromethane). 

Step 4: 

A solution of trimethylaluminum in toluene (80 mL of a 2 M solution, 
160 mmol) was added dropwise to a stirred suspension of N y O- 
25 dimethylhydroxylamine hydrochloride (15.6 g, 160 mmol) in dichloromethane 
(1 50 mL) at 0°C. After 1 5 minutes, the reaction flask was removed from bath 
and the solution stirred for 15 minutes at room temperature. The flask was then 
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cooled in ice bath, and a solution of ethyl 4-(2-propyl-l//-imidazo[4,5- 
c]quinolin-l-yl)butyrate (34.7 g, 107 mmol) in dichloromethane (100 mL) was 
added rapidly dropwise. After 15 minutes, the ice bath was removed and the 
solution heated at reflux to cause considerable gas evolution. After 20 hours, a 
5 10 % solution of hydrochloric acid in water (15 mL) was added slowly, followed 
by a saturated solution of sodium bicarbonate in water (50 mL). The layers were 
separated, and the aqueous mixture was extracted with dichloromethane (2 x 50 
mL). The combined organic solutions were washed successively with a 5% 
solution of sodium hydroxide in water (2 x 50 mL) and a saturated solution of 
10 sodium bicarbonate in water (lx 50 mL), dried over potassium carbonate, 
filtered, and concentrated under reduced pressure to provide A^-methoxy-iV- 
methyl-4-(2-propyl-li/-imidazo[4,5-c]qiunolin-l-yl)butyramide (35.9 g) as a 
dark oil that was used directly in the next step without further purification. 
Step 5: 

15 To a stirred solution of A^-methoxy-A/-methyl-4-(2 -propyl- 1//- 

imidazo[4,5-c]quinolin-l-yl)butyramide (4.80 g, 14.1 mmol) in THF (100 mL) 
in a dry ice/isopropanol bath was added a solution of isobutylmagnesium 
chloride (28 mL of a 2 M solution in diethyl ether, 56 mmol) over a period of 
several minutes. When addition was complete, the reaction flask was removed 

20 from the cold bath and the mixture stirred for 4 hours at room temperature. A 
10% solution of hydrochloric acid in water (3 mL) was added slowly, followed 
by a saturated solution of sodium bicarbonate in water (15 mL) and 
dichloromethane (100 mL). The layers were separated, the aqueous phase 
extracted with dichloromethane (1 x 75 mL), and the combined organics dried 

25 over potassium carbonate, filtered, and concentrated under reduced pressure. 
After chromatography on silica gel (elution with 5% methanol in 
dichloromethane) 6-methyl- 1 -(2-propyl- 1 //-imidazo[4,5-c]quinolin-l -yl)heptan- 
4-one (2.40 g) was obtained as an oil. 
Step 6: 

30 The general method described in Steps 9 and 10 of Example 1 was used 

to aminate 6-methyl-l-(2-propyl-17/-imidazo[4,5-c]quinolin-l-yl)heptan-4-one 
(2.40 g, 7.10 mmol) by reaction with m-CPBA (3.9 g) to provide 6-methyl- 1 -(5- 
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oxido-2 -propyl- 1 //-imidazo[4,5-c]quinolin- 1 -yl)heptan-4-one followed by 
reaction with p-toluenesulfonyl chloride (2.0 g, 10.5 mmol) and ammonium 
hydroxide solution (75 mL) to provide l-(4-amino-2-propyl-l//-imidazo[4,5- 
c]quinolin-l-yl)-6-methylheptan-4-one as tan crystals after recrystallization from 
5 aqueous methanol, mp 1 36-1 38 °C. 
MS (APCI) m/z 353 (M + H) + ; 

Anal, calcd for C 2 iH 2 8N 4 0: C, 71.56; H, 8.01; N, 15.90. Found: C, 71.33; H, 
8.09; N, 15.69. 



10 Example 18 

l-(4-Amino-2-propyl-l//-imidazo[4,5-c]qxiinolin-l-yl)decan-4-one 




Steps 1 through 4: 

The general method described in Steps 1 through 4 of Example 17 was 
1 5 used to prepare A^methoxy-7V-methyl-4-(2-propyl-17/-imidazo[4,5-c]quinolin-l- 
yl)butyramide. 
Step 5: 

The general method described in Step 5 of Example 17 was used to react 
Mmethoxy-A^methyl-4-(2-propyl-l//-imid 
20 (6.10 g, 17.9 mmol) with /i-hexylmagnesium bromide (13.5 mL of a 2 M 

solution in diethyl ether, 27 mmol) to provide l-(2-propyl-l//-imidazo[4,5- 
c]quinolin-l-yl)decan-4-one (6.10 g) as a yellow oil that was used directly in the 
next step without further purification. 

Step 6: 

25 The general method described in Steps 9 and 10 of Example 1 was used 

to aminate l-(2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)decan-4-one (6.10 g, 
17.2 mmol) by reaction with m-CPBA (8.50 g) to provide l-(5-oxido-2-propyl- 
l//-imidazo[4,5-c]quinolin-l-yl)decan-4-one followed by reaction with /?- 
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toluenesulfonyl chloride (4.90 g, 25.8 mmol) and ammonium hydroxide solution 
(100 mL) to provide l-(4-amino-2-propyM//-imidazo[4,5-c]quinohn-l- 
yl)decan-4-one) as a white solid after recrystallization from aqueous methanol, 
mp 111-113 °C. 
5 MS (APCI) m/z 381 (M + H) + ; 

Anal, calcd for C23H32N4O: C, 72.59; H, 8.48; N, 14.72. Found: C, 72.53; H, 
8.59; N, 14.63. 

Example 19 

1 0 6-(4-Amino-2-propyl-li/-imidazo[4,5-c]quinolin-l -yl)-7V-methoxy- 

Af-methylhexanamide 




Steps 1 through 5: 

The method described in Steps 1 through 5 of Example 15 was used to 
1 5 prepare A r -methoxy-A^methyl-6-(2 -propyl- 1 //-imidazo[4,5-c]quinolin- 1 - 
yl)hexanamide. 
Step 6: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate 7V-methoxy-7V-methyl-6-(2-propyl-li/-imidazo[4,5-c]quinolin-l- 
20 yl)hexanamide (4.01 g, 10.9 mmol) by reaction with m-CPBA (6.13 g) to 

provide A^methoxy-iV-methyl-6-(5-oxido-2 -propyl-l//-imidazo[4,5-c]quinolin- 

1- yl)hexanamide followed by reaction with p- toluenesulfonyl chloride (2.53 g, 
13.3 mmol) and ammonium hydroxide solution (40 mL) to provide 6-(4-amino- 

2- propyl-l//-imidazo[4,5-c]quin^ as 
25 an off-white solid after recrystallization from a mixture of ethyl acetate and 

hexane, mp 134-135°C. 
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MS (APCI) m/z = 384 (M+H) + ; 

Anal, calcd for C21H29N5CVO.O23 C4H 8 0 2 : C, 65.71; H, 7.63; N, 18.17. Found 
C, 65.44; H, 7.77; N, 17.88. 

5 Example 20 

4-(4-Amino-2-propyl-l/f-imidazo[4,5-c]quinolin-l-yl)-A^methoxy- 

Af-methylbutyramide 




Steps 1 through 4: 

10 The method of Steps 1 through 4 of Example 17 was used to prepare N- 

methoxy-AT-methyl-4-(2-propyl- l//-imidazo[4,5-c]quinolin- 1 -yl)butyramide. 
Step 5: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate //-methoxy-A^-methyl-4-(2-propyl-l//-imidazo[4,5-c]quinolin-l- 

1 5 yl)butyramide (7.4 g, 2 1 .7 mmol) by reaction with m-CPBA (9.50 g) to provide 
//-methoxy-A^-methyl-4-(5-oxido-2-propyl-l//-imidazo[4,5-c]quinolin-l- 
yl)butyramide followed by reaction with /Moluenesulfonyl chloride (7.20 g, 37.8 
mmol) and ammonium hydroxide solution (200 mL) to provide 4~(4-amino-2- 
propyl-l//-imidazo[4,5-c]quinolin-l^ as 

20 white crystals after recrystallization from aqueous methanol, mp 163-165 °C. 
MS (APCI) m/z 356 (M + H) + ; 

Anal, calcd for C19H25N5O2: C, 64.20; H, 7.09; N, 19.70. Found: C, 64.10; H, 
6.91; N, 19.57. 
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Example 21 

1 2-(4-Amino-2-propyl- l//-imidazo[4,5-c]quinolin- 1 -yl)-Af-methoxy-N- 
methyldodecanamide hydrochloride 




5 Steps 1 through 5: 

The method of Steps 1 through 5 of Example 16 was used to prepare N- 
methoxy-//-methyl- 1 2-(2-propyl^ 
Step 6: 

The general methods described in Steps 9 and 10 of Example 1 and Step 
10 7 of Example 1 6 was used to aminate Af-methoxy-Af-methyl- 1 2-(2-prbpyl- 1 H- 

imidazo[4,5-c]quinolin-l-yl)dodecanamide (4.01 g, 8.86 mmol) by reaction with 
m-CPBA (6.13 g) to provide J /V-methoxy-7V-methyl-12-(5-oxido-2-propyl-l//- 
imidazo[4,5-c]quinolin-l-yl)dodecanamide followed by reaction with p- 
toluenesulfonyl chloride (2.53 g, 13.3 mmol) and ammonium hydroxide solution 
15 (40 mL) to provide 2-(4-amino-2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)-7/- 
methoxy-AT-methyldodecanamide hydrochloride as an off-white solid after 
recrystallizationof the hydrochloride salt from isopropanol, mp 156-158 °C. 
MS (APCI) m/z = 468 (M+H) + ; 

Anal, calcd for C 2 7H4iN s O2*l-20 HC1: C, 63.41; H, 8.31; N, 13.69. Found C, 
20 63.44; H, 8.24; N, 13.74. 
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Example 22 

l-[2,2-Dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2-methyl- 
li/-imidazo[4,5-c]quinolin-4-amine 




5 Stepl: 

A mixture of nitromethane (36.3 g, 0.59 mol), mesityl oxide (53.0 g, 0.54 
mol), and l,5-diazabicyclo[5.4.0]undec7-ene (DBU, 1.5 g, 10 mmol) was 
allowed to stand at room temperature for 14 days. Dichloromethane (150 mL) 
was then added, and the solution was washed with a 10% hydrochloric acid 
10 solution (3 x 35 mL), dried over potassium carbonate, and filtered. The 

dichloromethane solution of 4,4-dimethyl-5-nitropentan-2-one was used directly 
in the next step without further purification. 
Step 2: 

A stirred solution of l,2-bis(trimethylsilyloxy)ethane (26.5 g, 128 mmol) 
15 in dichloromethane (50 mL) was cooled in a dry ice/isopropanol bath, and 

trimethylsilyl trifluoromethanesulfonate (2.2 g, 1.0 mmol) was added, followed 
by the dichloromethane solution of 4,4-dimethyl-5-nitropentan-2-one (50 mL, 
19.0 g, 1 19 mmol) from the previous step. After 30 minutes, the cooling bath 
was removed and the solution was allowed to warm to room temperature. The 
20 solution was filtered through a plug of potassium carbonate and concentrated 
under reduced pressure to provide 2-(2,2-dimethyl-3-mtropropyl)-2-methyl- 
[l,3]dioxolane (23.5 g) as a dark oil that was used directly in the next step 
without further purification. 
Step 3: 

25 A Parr hydrogenation vessel was charged with 2-(2,2-dimethyl-3- 

nitropropyl)-2-methyl-[l,3]dioxolane (23.1 g, 1 13 mmol), 5% platinum on 
carbon catalyst (3.0 g) and ethanol (250 mL); placed on a Parr shaker; and the 
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system pressurized to 50 psi (3.4 x 10^ Pa) hydrogen. After shaking for 24 
hours, the reaction mixture was filtered through CELITE filter agent and 
concentrated under reduced pressure to provide 2,2-dimethyl-3-(2-methyl- 
[l,3]dioxolan-2-yl)propylamine (19.8 g) as an oil that was used directly in the 
5 next step without further purification. 
Step 4: 

The general method described in Step 1 of Example 1 was used to react 

4- chloro-3-nitroquinoline (21.8 g, 104 mmol), 2,2-dimethyl-3-(2-methyl- 
[l,3]dioxolan-2-yl)propylamine (19.8 g, 1 14 mmol) and triethylamine (15.2 g, 

10 1 50 mmol) in dichloromethane for 75 hours to provide [2,2-dimethyl-3-(2- 
methyl-[l,3]dioxolan-2-yl)propyl]-(3-nitroquinolin-4-yl)amine (35.9 g) as a 
yellow solid that was used directly in the next step without further purification. 
Step 5: 

The general method described in Step 2 of Example 6 was used to reduce 
1 5 [2,2-dimethyl-3-(2-methyl-[ 1 ,3]dioxolan-2-yl)propyl]-(3-nitroquinolin-4- 
yl)amine (35.9 g, 104 mmol) to provide A^-[2,2-dimethyl-3-(2-methyl- 
[l,3]dioxolan-2-yl)propyl]quinoline-3,4-diamine (25.2 g) as a dark oil that was 
used directly in the next step without further purification. 

Step 6: 

20 The general method described in Step 3 of Example 6 was used to cyclize 

i\^-[2,2-dimethyl-3-(2-methyl-[ ^ 

(8.0 g, 25.4 mmol) by reaction with trimethyl orthoacetate (3.6 g, 30 mmol) to 
provide l-[2,2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2-methyl-l//- 
imidazo[4,5-c]quinoline (5.80 g) as a solid after chromatography on silica gel 
25 (elution with a solution of 7% methanol in dichloromethane that contained about 
5 mL of ammonium hydroxide solution per liter of eluent). 
Step 7: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate l-[2,2-dimethyl-3-(2-methyl-[l ,3]dioxolan-2-yl)propyl]-2-methyl- 
30 l//-imidazo[4,5-c]quinoline (5.80 g, 17.1 mmol) by reaction with m-CPBA (7.5 
g) to provide l-[2,2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2-methyl- 

5- oxido-li/-imidazo[4,5-c]quinoline followed by reaction with p- 
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toluenesulfonyl chloride (5.7 g, 30 mmol) and ammonium hydroxide solution 
(150 mL) to provide l-[2,2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2- 
methyl- l/Mmidazo[4,5-c]quinolin-4-amine as a light brown solid after 
recrystallization from a mixture of acetonitrile, methanol, and water, mp 209-21 1 
5 °C. 

MS (APCI) m/z 355 (M + H) + ; 

Anal, calcd for C20H26N4O2: C, 67.77; H, 7.39; N, 15.81. Found: C, 67.68; H, 
7.62; N, 15.87. 

10 Example 23 

l-[2,2-Dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2-propyl- 
l//-imidazo[4,5-c]quinolin-4-amine 




Steps 1-5 were the same as described for Example 22. 
Step 6: 

The general method described in Step 6 of Example 22 was used to 
cyclize A^-[2,2-dimethyl-3-(2-methyl-[ 1 ,3]dioxolan-2-yl)propyl]quinoline-3,4- 
diamine (9.1 g, 28.9 mmol) by reaction with trimethyl orthobutyrate (4.4 g, 30 
mmol) to provide l-[2,2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2- 
propyl-li/-imidazo[4,5-c]quinoline (3.10 g) as a solid after chromatography on 
silica gel (elution with a solution of 7% methanol in dichloromethane that 
contained about 5 mL of ammonium hydroxide solution per liter of eluent). 

Step 7: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate l-[2,2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2-propyl-l//- 
imidazo[4,5-c]quinoline (3.10 g, 8.44 mmol) by reaction with m-CPBA (3.70 g) 
to provide l-[2,2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-5-oxido-2- 
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propyl- li/-imidazo[4,5-c]quinoline followed by reaction with /?-toluenesulfonyl 
chloride (2.80 g, 14.7 mmol) and ammonium hydroxide solution (100 mL) to 
provide l-[2 > 2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-2-propyl-l/f- 
imidazo[4,5-c]quinolin-4-amine as off-white needles after recrystallization from 
5 aqueous methanol, mp 1 86-1 88 °C. 
MS (APCI) m/z 383 (M + H) + ; 

Anal, calcd for C 2 2H3oN 4 0 2 : C, 69.08; H, 7.91; N, 14.65. Found: C, 69.03; H, 
8.15; N, 14.60. 

10 Example 24 

5-(4-Amino-2-methyl-l//-imidazo[4,5-c]quinolin-l-yl)- 
4,4-dimethylpentan-2-one 

N 
N 

By the general method of Example 11, l-[2,2-dimethyl-3-(2-methyl- 
[ 1 ,3]dioxolan-2-yl)propyl]-2-methyl- l//-imidazo[4,5-c]quinolin-4-amine was 
hydrolyzed with aqueous hydrochloric acid to provide 5-(4-amino-2-methyl-l/f- 
imidazo[4,5-c]quinolin-l-yl)-4,4-dimethylpentan-2-one as a light brown solid 
after recrystallization from aqueous acetonitrile, mp 223-225 °C. 
MS (APCI) m/z 3 1 1 (M + H) + ; 

Anal, calcd for C8H22N4O: C, 69.65; H, 7.14; N, 18.05. Found: C, 69.64; H, 
7.42; N, 18.04. 




15 
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Example 25 

5-(4-Amino-2 -propyl- l//-imidazo[4,5-c]quinolin-l-yl)- 
4,4-dimethylpentan-2-one 




5 By the general method of Example 11,1 -[2,2-dimethyl-3-(2-methyl- 

[13]dioxolan-2-yl)propyl]-2-propyl-l^-imidazo[4,5-c]quinolin-4-amine was 
hydrolyzed with aqueous hydrochloric acid to provide 5-(4-amino-2 -propyl- 1//- 
imidazo[4 > 5-c]quinolin-l-yl)-4 > 4-dimethylpentan-2-one as a light brown solid 
after recrystallization from aqueous acetonitrile, mp 178-180 °C. 
10 MS (APCI) m/z 339 (M + H) + ; 

Anal, calcd for C 2 oH 2 6N 4 0: C, 70.97; H, 7.74; N, 16.55. Found: C, 70.80; H, 
7.89; N, 16.66. 

Example 26 

1 5 Ethyl 3-(4-amino-2-propyl- li/-imidazo[4,5-c]quinolin- 1 -yl)propionate 




Step 1: 

The general method described in Step 1 of Example 1 was used to react 
4-chloro-3-nitroquinoline (45.3 g, 217 mmol), /^-alanine ethyl ester 
20 hydrochloride (40.0 g, 240 mmol), and triethylamine (54.8 g, 542 mmol) in 
dichloromethane for 15 hours to provide ethyl 3-(3-nitroquinolin-4- 
ylamino)propionate (62.0 g) as a yellow solid. 

Step 2: 
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The general method described in Step 2 of Example 6 was used to reduce 
ethyl 3-(3-nitroquinolin-4-ylamino)propionate to provide ethyl 3-(3- 
aminoquinolin-4-ylamino)propionate (40.2 g) as a dark oil that was used directly 
in the next step without further purification. 
5 Step 3: 

The general method described in Step 3 of Example 15 was used to 
cyclize ethyl 3-(3-aminoquinolin-4-ylamino)propionate (1 1.0 g, 42.4 mmol) by 
reaction with trimethyl orthobutyrate (7.22 g, 48.7 mmol) to provide ethyl 3-(2- 
propyl-l//-imida2o[4,5-c]quinolin-l-yl)propionate (10.6 g) as a dark oil that was 
1 0 used directly in the next step without further purification. 

Step 4: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate ethyl 3-(2-propyl-l^-imidazo[4,5-c]quinolin-l-yl)propionate (3.30 g, 
10.6 mmol) by reaction with m-CPBA (4.63 g) to provide ethyl 3-(5-oxido-2- 

1 5 propyl-l//-imidazo[4,5-c]quinolin-l -yl)propionate followed by reaction with p- 
toluenesulfonyl chloride (3.53 g, 18.6 mmol) and ammonium hydroxide solution 
(50 mL) to provide ethyl 3-(4-amino-2 -propyl- l/f-imidazo[4,5-c]quinolin-l- 
yl)propionate as an off-white solid after recrystallization from aqueous 
methanol, mp 156-157 °C. 

20 MS (APCI) m/z = 327 (M+H) + ; 

Anal, calcd for C18H22N4Q2: C, 66.24; H, 6.79; N, 17.16. Found C, 65.98; H, 
6.96; N, 17.29. 



Example 27 

25 Ethyl 4-(4-amino-2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)butyrate 
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The general method described in Steps 9 and 10 of Example 1 was used 
to aminate ethyl 4-(2-propyl-li/-imidazo[4,5-c]quinolin-l-yl)butyrate (8.20 g, 
25.2 mmol, available from Step 3 of Example 17) by reaction with m-CPBA 
(14.1 g) to provide ethyl 4-(5-oxido-2-propyl-l//-imidazo[4,5-c]quinolin-l- 
5 yl)butyrate followed by reaction with /?-toluenesulfonyl chloride (8.40 g, 44.1 
mmol) and ammonium hydroxide solution (150 mL) to provide ethyl 4-(4- 
amino-2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)butyrate as an off-white solid 
after recrystallization from aqueous methanol, mp 154-156 °C. 
MS (APCI) m/z = 341 (M+H) + ; 
10 Anal, calcd for C19H24N4O2: C, 67.04; H, 7.1 1; N, 16.46. Found C, 66.68; H, 
6.87; N, 16.51. 



Example 28 

Ethyl 6-(4-amino-2 -propyl- l//-imidazo[4,5-c]quinolin- 1 -yl)hexanoate 




The general method described in Steps 9 and 10 of Example 1 was used 
to aminate ethyl 6-(2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)hexanoate (6.30 g, 
17.8 mmol, available from Step 3 of Example 15) by reaction with m-CPBA 

20 (13.1 g) to provide ethyl 6-(5-oxido-2-propyl-l//-imidazo[4,5-c]quinolin-l- 

yl)hexanoate followed by reaction with /Moluenesulfonyl chloride (4.58 g, 24.0 
mmol) and ammonium hydroxide solution (60 mL) to provide ethyl 6-(4-amino- 
2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)hexanoate as a tan solid after 
recrystallization from aqueous methanol, mp 112-113 °C. 

25 MS (APCI) m/z = 369 (M+H) + ; 

Anal, calcd for C 2 iH 2 8N 4 O2*1.0 H 2 Oi C, 67.77; H, 7.69; N, 15.05. Found C, 
67.39; H, 7.73; N, 14.79. 
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Example 29 

1 -(2,2-Diethoxyethyl)-2-propyl- 1 //-imidazo[4,5-c]quinolin-4-amine 




5 Stepl: 

The general method described in Step 1 of Example 1 was used to react 

4- chloro-3-nitroquinoline (20.9 g, 100 mmol), aminoacetaldehyde diethyl acetal 
(14.4 g, 1 10 mmol), and triethylamine (12.6 g, 125 mmol) in dichloromethane 
for 15 hours to provide (2,2-diethoxyethyl)-(3-nitroquinolin-4-yl)amine (29.7 g) 

10 as a yellow solid. 

Step 2: 

The general method described in Step 2 of Example 6 was used to reduce 
(2,2-diethoxyethyl)-(3-nitroquinolin-4-yl)amine to provide ^-(2,2- 
diethoxyethyl)quinoline-3,4-diamine (26.5 g) as a dark oil that was used directly 
15 in the next step without further purification. 

Step 3: 

The general method described in Step 3 of Example 15 was used to 
cyclize j\^-(2,2-diethoxyethyl)quinoline-3,4-diamine (26.5 g, 96.2 mmol) by 
reaction with trimethyl orthobutyrate (15.9 g, 107 mmol) to provide l-(2,2- 
20 diethoxyethyl)-2-propyl-l/f-imidazo[4,5-c]quinoline (25.4 g) as a dark oil that 
was used directly in the next step without further purification. 

Step 4: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate l-(2,2-diethoxyethyl)-2-propyl-l^-imidazo[4,5-c]quinoline (4.50 g, 
25 13.7 mmol) by reaction with m-CPBA (6.0 g) to provide 1 -(2,2-diethoxyethyl)- 

5- oxido-2-propyl-l//-imidazo[4,5-c]quinoline followed by reaction with />- 
toluenesulfonyl chloride (4.60 g, 24.1 mmol) and ammonium hydroxide solution 
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(130 mL) to provide l-(2,2-diethoxyethyl)-2-propyl-l//-imidazo[4,5-c]quinolin- 
4-amine as an off-white solid after recrystallization from aqueous methanol, mp 
148-150 °C. 

MS (APCI) m/z = 343 (M+H) + ; 
5 Anal, calcd for C19H26N4O2: C, 66.64; H, 7.65; N, 16.36. Found C, 66.62; H, 
7.80; N, 16.43 

Example 30 

l-(33-Diethoxypropyl)-2-propyl-l//-imidazo[4,5-c]quinolin-4-amine 




Step 1: 

The general method described in Step 1 of Example 1 was used to react 
4-chloro-3-nitroquinoline (20.3 g, 97.1 mmol), l-amino-3,3-diethoxypropane 
(25.0 g, 1 16 mmol) and triethylamine (33.8 g, 333 mmol) in dichloromethane for 
15 15 hours to provide (3,3-diethoxypropyl)-(3-nitroquinolin-4-yl)amine (30.5 g) as 
a yellow solid. 

Step 2: 

The general method described in Step 2 of Example 6 was used to reduce 
(3,3-diethoxypropyl)-(3-nitroquinolin-4-yl)amine to provide A^-(3,3- 
20 diethoxypropyl)quinoline-3,4-diamine (20.7 g) as a dark oil that was used 
directly in the next step without further purification. 

Step 3: 

The general method described in Step 3 of Example 15 was used to 
cyclize A^-(3^-diethoxypropyl)quinoline-3,4-diamine (20.7 g, 71.5 mmol) by 
25 reaction with trimethyl orthobutyrate (13.2 g, 89.4 mmol) to provide l-(3,3- 

diethoxypropyl)-2-propyl-l//-imidazo[4,5-c]quinoline (22.3 g) as a dark oil that 
was used directly in the next step without further purification. 
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Step 4: 

The general method described in Steps 9 and 10 of Example 1 was used 
to aminate l-(3,3-diethoxyproyl)-2-propyl-l//-imidazo[4,5-c]quinoline (4.50 g, 
13.2 mmol) by reaction with m-CPBA (5.3 g) to provide l-(3,3-diethoxypropyl)- 
5 5-oxido-2-propyl-l//-imidazo[4,5-c]quinoline followed by reaction with /?- 

toluenesulfonyl chloride (4.89 g, 25.7 mmol) and ammonium hydroxide solution 
(40 mL) to provide l-(3,3-diethoxypropyl)-2-propyl-l/f-imidazo[4,5-c]quinolin-- 
4-amine as grey needles after recrystallization from methanol, mp 148-150 °C. 
MS (APCI) m/z = 357 (M+H) + ; 
10 Anal, calcd for C20H28N4O2: C, 67.39; H, 7.92; N, 15.72. Found C, 67.24; H, 
8.05; N, 15.70. 

Example 31 

l-[2,2-Dimethyl-3-(2-methyl[l,3]dioxolan-2-yl)propyl]- 
1 5 l//-imidazo[4,5-c]quinolin-4-amine 




Steps 1-5 were the same as described for Example 22. 
20 Step 6: 

The general method described in Step 6 of Example 22 was used to 
cyclize 7/ , -[2,2-dimethyl-3-(2-methyl-[ 1 ,3]dioxolan-2-yl)propyl]quinoline-3,4- 
diamine (8.1 g, 25.7 mmol) by reaction with trimethyl orthoformate (3.3 g, 10 
mmol) to provide l-[2,2-dimethyl-3-(2-methyl[l,3]dioxolan-2-yl)propyl]-lH- 
25 imidazo[4,5-c]quinoline (8.8 g) as an oil that was used directly in the next step 
without further purification. 
Step 7: 
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The general method described in Steps 9 and 10 of Example 1 was used 
to aminate l-[2,2-dimethyl-3-(2-methyl[l,3]dioxolan-2-yl)propyl]-l//- 
imidazo[4,5-c]quinoline (8.8 g, 27 mmol) by reaction with m-CPBA (1 1.8 g) to 
provide l-[2,2-dimethyl-3-(2-methyl-[l,3]dioxolan-2-yl)propyl]-5-oxido-l//- 
5 imidazo[4,5-c]quinoline followed by reaction with /7-toluenesulfonyl chloride 

(9.1 g, 48 mmol) and ammonium hydroxide solution (100 mL) to provide l-[2,2- 
dimethyl-3 -(2 -methyl [ 1 ,3]dioxolan-2-yl)propyl]- l//-imidazo[4,5-c]quinolin-4- 
amine as a light brown solid after chromatography on silica gel (elution with a 
solution of 7% methanol in dichloromethane that contained about 5 mL of 
10 ammonium hydroxide solution per liter of eluent) and recrystallization from 
aqueous methanol, mp 153-155 °C. 
MS (APCI) m/z 341 (M + H) + ; 

Anal, calcd for C19H24N4O2: C, 67.04; H, 7.11; N, 16.46. Found: C, 66.76; H, 
7.39; N, 16.41. 

15 

Example 32 

5-(4-Amino-l//-imidazo[4,5-c]quinolin-l-yl)-4,4-dimethylpentan-2-one 

N 
N 

By the general method of Example 1 1, l-[2,2-dimethyl-3-(2-methyl- 
20 [1 ,3]dioxolan-2-yl)propyl]-l//-imidazo[4,5-c]quinolin-4-amine was hydrolyzed 

with aqueous hydrochloric acid to provide 5-(4-amino-l//-imidazo[4,5- 

c]quinolin-l-yl)-4,4-dimethylpentan-2-one as a light yellow solid after 

recrystallization from aqueous methanol, mp 214-216 °C. 

MS (APCI) m/z 297 (M + H) + ; 
25 Anal, calcd for C8H22N4O: C, 68.89; H, 6.80; N, 18.90. Found: C, 68.91; H, 

6.85; N, 19.12. 
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Example 33 
5-(4-Amino-6,7-dimethyl-2-propyl-l//-^ 

NH, 

y 

N 

N- 

Step 1: 

5 2,4-Dichloro-5,6-dimethyl-3-nitropyridine (135.0 g, 0.488 mol) and ethyl 

4-aminobutyrate hydrochloride (1 14.0 g, 0.683 mol) were triturated in N,N- 
dimethylformamide (675 mL) (DMF) at 0 °C. Triethylamine (272.6 mL, 1.95 
mol) was added to generate a brown slurry. After 15 minutes, the reaction 
mixture was allowed to warm to ambient temperature and the reaction was 

10 stirred overnight. Analysis by ! H NMR indicated the reaction was incomplete. 
An additional amount of triethylamine (102.2 mL, 0.73 mol) and ethyl 4- 
aminobutyrate hydrochloride (35.28 g, 0.159 mol) in DMF (200 mL) were added 
to the reaction mixture and allowed to stir over an additional 24 hours. Half of 
the reaction mixture was added to separate flasks and deionized water (3 L) was 

15 added to each flask and were stirred for 1 hour. The resulting precipitate in each 
flask was harvested by filtration and dried under reduced pressure. The crude 
product was recrystallized from ethyl acetate and filtered to yield 86.20 g of 
ethyl 4-[(2-chloro-5,6-dimethyl-3-nitropyridin-4-yl)amino]butyrate as a yellow 
granular solid. 

20 Step 2: 

Ethyl 4-[(2-chloro-5,6-dimethyl-3-nitropyridin-4-yl)amino]butyrate (86.2 
g, 0.276 mol), sodium azide (35.49 g, 0.552 mol), and cerium chloride 
heptahydrate(50.86 g, 0.138 mol) were triturated in a 9:1 mixture of 
acetonitrile: water (1012 mL). The reaction mixture was stirred and heated to 

25 reflux for 18 hours. The reaction was filtered and the yellow filtrate was 

concentrated under reduced pressure to yield 90.94 g of crude product. The 
material was triturated at 95 °C with 360 mL ethyl acetate and filtered. The 
filtrate produced pale yellow crystals at ambient temperature to afford 64.3 g of 
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ethyl 4-[(5,6-dimethyl-8-nitrotetrazolo[l,5-a]pyridin-7-yl)amino]butyrate as a 
yellow solid. 
Step 3: 

Ethyl 4-[(5,6-dimethyl-8-nitrotetrazolo[l,5-a]pyridin-7- 
5 yl)amino]butyrate (64.3 g, 0.198 mol) was mixed with acetonitrile (2 L) and 
catalytic 10% palladium on carbon was added. The mixture was placed on a 
hydrogenator for 72 hours and filtered through a layer of CELITE filter aid. The 
filtrate was concentrated under reduced pressure to yield 58.2 g of ethyl 4-[(8- 
amino-5,6-dimethyltetrazolo[ 1 ,5-a]pyridin-7-yl)amino]butyrate. 

10 Step4: 

Pyridinium chloride (8.57 g, 74 mmol) and ortho-«-butyric acid trimethyl 
ester (34.6 mL, 217 mmol) were sequentially added to ethyl 4-[(8-amino-5,6- 
dimethyltetrazolo[l,5-a]pyridin-7-yl)amino]butyrate (58.2 g, 198 mmol) 
triturated in toluene (1 165 mL) and heated to reflux for 0.5 hours. The reaction 

15 mixture was concentrated under reduced pressure and partitioned between 

dichloromethane and saturated aqueous sodium carbonate. The organic layer 
was isolated, concentrated under reduced pressure, and 52.99 g of ethyl 4-(5,6- 
dimethyl-8-propyl-l//-imidazo[4,5-c]tetrazolo[l,5-a]pyridin-7-yl)butyrate solid 
was recrystallized from ethyl acetate and used without additional purification. 

20 Step 5: 

Ethyl 4-(5,6-dimethyl-8-propyl- l//-imidazo[4,5-c]tetrazolo[ 1 ,5- 
a]pyridin-7-yl)butyrate (52.99 g, 0.153 mol) was slurried in ethanol (550 mL) 
and treated with a 50% sodium hydroxide solution for 0.5 hours. The reaction 
was concentrated under reduced pressure, maintained overnight, and dissolved in 

25 water (250 mL). The pH was adjusted to 5 and the resulting white precipitate 

was filtered. The residue was triturated at ambient temperature with methanol (1 
L) and concentrated under reduced pressure to afford 4-(5,6-dimethyl-8-propyl- 
l//-imidazo[4,5-c]tetrazolo[l,5-a]pyridin-7-yl)butyric acid which was used 
without any further purification. 

30 Step 6: 

Five drops of N,N- dimethylformamide (DMF) were added to 4-(5,6- 
dimethyl-8-propyl-17/-imidazo[4,5-c]te^ acid 
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(36.22 g, 1 13.8 mmol) and dichloromethane (725 mL). Oxalyl chloride (29.8 
mL, 341 .3 mmol) was added dropwise to the reaction mixture. After 10 minutes, 
the reaction mixture was concentrated under reduced pressure to afford 4-(5,6- 
dimethyl-8-propyl-l/f-imidazo[4,5-c]tetra 
5 chloride. 

Step 7: 

4-(5,6-Dimethyl-8-propyl-l^-imidazo[4,5-c]tetrazolo[l,5-a]pyridin-7- 
yl)butyryl chloride (38.39 g, 1 14 mmol) was triturated with chloroform (768 
mL) and cooled to 0 °C. JV,0-Dimethylhydroxylamine hydrochloride (16.68 g, 
171 mmol) and triethylamine (47.7 mL, 342 mmol, dropwise addition) were 
sequentially added to the reaction mixture and stirred for 0.5 hours. The reaction 
mixture was stirred for 10 additional minutes after addition of saturated aqueous 
sodium bicarbonate solution (400 mL). The organic phase was isolated, dried 
over sodium sulfate, and concentrated under reduced pressure to afford 40.01 g 
of 4-(5 ,6-dimethyl-8-propyl- 1 //-imidazo [4,5-c] tetrazolo[ 1 ,5-a]pyridin-7-yl)-7V- 
methoxy-N-methylbutyramide as a yellow oil. 
Step 8: 

Methylmagnesium iodide (5.5 mL, 41.5 mmol) was added slowly 
dropwise to a triturated mixture of 4-(5,6-dimethyl-8-propyl-l// : -imidazo[4,5- 
c]tetrazolo[l,5-a]pyridin-7-yl)-A^-methoxy-N-methylbutyramide (10.0 g, 27.7 
mmol) and tetrahydrofuran (125 mL) at 0 °C. The reaction was warmed to 
ambient temperature and *H NMR indicated the reaction was incomplete after 
stirring overnight. An additional amount of methyl magnesium iodide (5.5 mL, 
41.5 mmol) was added at 18 and 21.75 hours after the initial addition. A final 
addition of methyl magnesium iodide (3.6 mL, 27 mmol) was added at 23 hours 
after the initial addition and allowed to react for one additional hour. Addition 
of IN aqueous hydrogen chloride solution (35 mL) followed to generate a 
yellow-orange slurry and the mixture was concentrated under reduced pressure. 
The residue was dissolved in dichloromethane (200 mL), washed with saturated 
aqueous sodium bicarbonate (100 mL), dried over sodium sulfate and 
concentrated under reduced pressure to afford 8.15 g of 5-(5,6-dimethyl-8- 
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propyl-l/f-imidazo[4,5-c]tetrazolo[l ,5-a]pyridin-7-yl)pentan-2-one without any 
further purification. 
Step 9: 

Triphenylphosphine (13.5 g, 51.5 mmol) was added to amixture of 5- 
5 (5,6-chmethyl-8-propyl-l//-imidazo[4^ 

one (8.15 g, 25.8 mmol) and 1,2-dichlorobenzene (163 mL) and heated to 133 
°C for 13.5 hours. The reaction temperature was incrementally increased to 140 
°C over an additional 1.5 hours. Additional triphenylphosphine (3.39 g, 12.9 
mmol) was then added and the reaction was heated for one additional hour. The 

10 resulting dark brown solution was cooled to ambient temperature and 

concentrated under reduced pressure. The resulting residue was dissolved in 
methanol (150 mL) and 1 N aqueous hydrochloric acid (75 mL) was added to 
create a slurry. The reaction was stirred at 40 °C for an hour, upon which the 
resulting mixture was filtered, concentrated under reduced pressure, dissolved in 

15 dichloromethane (100 mL) and washed with 1 N aqueous hydrochloric acid. 
The aqueous layer was adjusted to pH 14 with saturated aqueous sodium 
bicarbonate and 50% sodium hydroxide solutions and the product was extracted 
into chloroform (250 mL). The organic layer was dried with sodium sulfate and 
concentrated under reduced pressure to produce 4.61 g of a brown solid material. 

20 The material was recrystallized from acetonitrile to yield 2.53 g of isolated 
material. A portion of the material (1 .22 g) was purified by column 
chromatography on a BIOTAGE HORIZON High-Performance Flash 
Chromatography instrument (eluting with chloroform/methanol/ammonium 
hydroxide (80/18/2):chloroform ranging in ratios from 0:100 to 40:60) to 

25 provide 0.81 g of 5-(4-amino-6,7-dimethyl-2-propyl-l//-imidazo[4,5-c]pyridin- 
l-yl)pentan-2-one as an off-white powder, mp 148.5-149.5 °C. l H NMR (300 
MHz, DMSO-d 6 ) 8 5.58 (s, 2H), 4.16 (t, 7= 8.1 Hz, 2H), 2.77 (t, J= 8.1 Hz, 
2H), 2.58 (t, J = 6.9 Hz, 2H), 2.37 (s, 3H), 2.30 (s, 3H), 2.10 (s, 3H), 1.80 (m, J 
= 7.5 Hz, 4H), 1.00 (t,7= 7.5 Hz, 3H; MS (APCI) m/z 289 (M + H) + ; Anal. 

30 calcd for C 2 oH 2 6N 6 0 2 : C, 66.64; H, 8.39; N, 19.43. Found: C, 66.40; H, 8.63; N, 
1944. 
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Example 34 

Ethyl 4-[4-amino-2-(ethoxymethyl)-l//-imidazo[4^ 




Step 1 : 

5 A solution of ethoxyacetyl chloride (7.00 g, 57.1 mmol) in 

dichloromethane (10 mL) was added dropwise to a stirred solution of ethyl 4-(3- 
aminoquinolin-4-ylamino)butyrate (prepared as described in Steps 1-2 of 
Example 17, 12.5 g, 45.7 mmol) in dichloromethane (100 mL) at room 
temperature. After 1.5 hours, the reaction mixture was concentrated under 

10 reduced pressure to afford a solid to which was added ethanol (100 mL) and 

triethylamine (17.4 mL, 125 mmol). The solution was left at room temperature 
for 5 days, then was heated at reflux for 2 hours. The solution was concentrated 
under reduced pressure. The residue was partitioned between dichloromethane 
(1 50 mL) and water (50 mL). The organic layer was washed with water (50 mL) 

15 and saturated aqueous sodium bicarbonate (50 mL), dried over potassium 

carbonate, filtered, and concentrated under reduced pressure to yield 15.4 g of 
ethyl 4-[2-(ethoxymethyl)-l//-imidazo[4,5-c]quinolin-l-yl]butanoate as a brown 
oil that was used in the next step without purification. 
Step 2: 

20 To a stirred solution of ethyl 4-[2-(ethoxymethyl)-l//-imidazo[4,5- 

c]quinolin-l-yl]butanoate (15.4 g, 45.1 mmol) in dichloromethane (150 mL) at 0 
°C was added mCPBA (approximately 77% purity, 19.7 g, 87.9 mmol) in 
portions. The reaction mixture was stirred at room temperature for 1.5 hours, 
then concentrated ammonium hydroxide (50 mL) was added. p-Toluenesulfonyl 

25 chloride was added in portions to the mixture, which was stirred for 1 hour then 
filtered. The filtrate was transferred to a separatory funnel, saturated aqueous 
sodium bicarbonate (50 mL) was added and the layers were separated. The 
aqueous layer was extracted with dichloromethane (2 x 50 mL). The organic 
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layers were combined, washed with 5% aqueous sodium hydroxide (2 x 75 mL), 
dried over potassium carbonate, filtered, and concentrated under reduced 
pressure to yield a brown solid that was slurried in ethyl acetate (50 mL) and 
filtered. The filtrate was concentrated under reduced pressure and the solid was 
5 recrystallized from ethanol/water four times, then was dissolved in 

dichloromethane (100 mL). The solution was washed with saturated aqueous 
sodium bicarbonate (2 x 50 mL), then was concentrated under reduced pressure 
to yield a solid that was recrystallized from ethanol/water three times. The 
crystals were dried in a vacuum oven at 70 °C to provide ethyl 4-[4-amino-2- 
10 (ethoxymethyl)-l//-imidazo[4,5-c]quinolin-l-yl]butanoate as pale yellow 
crystals, mp 129-131 °C. 
MS (APCI) m/z 357 (M + H+); 

Anal, calcd for C19H24N4O3: C, 64.03; H, 6.79; N, 15.72. Found: C, 63.76; H, 
6.89; N, 15.49. 

15 

Example 35 

4-[4- Amino-2-(ethoxymethyl)- l//-imidazo[4,5-c]quinolin- 1 -yl]-Af-methoxy-iV- 

methylbutanamide 




A solution of trimethylaluminum in toluene (2 M, 35 mL, 70 mmol) was 
added to a stirred suspension of Af,0-dimethylhydroxylamine hydrochloride 
(6.81 g, 69.9 mmol) in dichloromethane (100 mL) at 0 °C. The reaction mixture 
was stirred for 15 minutes at °0 C, then at room temperature for 15 minutes 
25 before cooling to °0 C again. A solution of ethyl 4-[2-(ethoxymethyl)-l//- 
imidazo[4,5-c]quinolin-l-yl]butanoate (prepared as described in Step 1 of 
Example 34) in dichloromethane (50 mL) was added. After 15 minutes, the 
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reaction mixture was allowed to warm to room temperature, then was heated at 
reflux for 2 days. The reaction mixture was allowed to cool to room temperature 
and dichloromethane (150 mL) was added. Methanol (10 mL) followed by 10% 
aqueous hydrochloric acid (10 mL) were added slowly. To the mixture was 
5 added saturated aqueous sodium bicarbonate. The mixture was transferred to a 
separatory funnel and the layers were separated. The aqueous layer was 
extracted with dichloromethane. The organic layers were combined, washed 
with saturated aqueous sodium bicarbonate, dried over potassium carbonate, 
filtered, and concentrated under reduced pressure to yield 13.9 g of an oil that 
10 was used without purification in the next step. 
Step 2: 

The material from Step 1 (13.9 g) was treated according to the general 
conditions described in Step 2 of Example 34. The crude product was slurried in 
ethyl acetate and filtered. The filtrate was concentrated and purified by flash 

1 5 chromatography (silica gel, elution with a 7% methanol in dichloromethane 
solution containing 0.4% concentrated ammonium hydroxide by volume) to 
afford an oil that was triturated with ethyl acetate. A solid formed that was 
isolated by filtration and recrystallized twice from methanol/water. The crystals 
were dried overnight in a vacuum oven at 70 °C to provide 1.59 g of 4-[4-amino- 

20 2-(ethoxymethyl)- li/-imidazo[4,5-c]quinolin- 1 -ylJ-N-methoxy-N- 
methylbutanamide as a pale yellow solid, mp 163-165 °C. 
MS (APCI) m/z 372 (M + H+); 

Anal, calcd for C19H25N5O3: C, 61.44; H, 6.78; N, 18.85. Found: C, 61.48; H, 
6.82; N, 18.68. 
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Example 36 

5-(4-Amino-2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)-A^methoxy-A^ 

methylpentanamide 
NH 0 



N 



N 




5 Step 1: 

Potassium carbonate (66.23 g, 0.479 mol), triethylamine (167 mL, 1.20 
mol), and ethyl 5 -amino valerate hydrochloride (104 g, 0.575 mol) were added to 
a mixture of 4-chloro-3-nitroquinoline (100 g, 0.470 mol) in chloroform (1 L). 
The reaction mixture was stirred at room temperature for 4 hours, then water 

10 (200 mL) was added. The mixture was transferred to a separatory funnel and the 
layers were separated. The organic layer was washed with saturated aqueous 
sodium bicarbonate and brine, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure to afford 151 g of ethyl 5-[(3-nitroquinolin- 
4-yl)amino]pentanoate. 

15 Step 2: 

The general method described in Step 2 of Example 6 was used to reduce 
ethyl 5-[(3-nitroquinolin-4-yl)amino]pentanoate (151 g, 0.476 mol) to 131.5 g of 
crude ethyl 5-[(3-aminoquinohn-4-yl)amino]pentanoate, which was used in the 
next step without purification. 

20 Step 3: 

The general method described in Step 3 of Example 6 was used to 
convert crude ethyl 5-[(3-aminoquinolin-4-yl)amino]pentanoate (26.3 g, 91.5 
mmol) into 28 g of crude ethyl 5-(2-propyl-l//-imidazo[4,5-c]quinolin-l- 
yl)pentanoate, using trimethyl orthobutyrate in lieu of triethyl orthoacetate. 
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Step 4: 

A solution of sodium hydroxide (2.23 g, 55.9 mmol) in water (100 mL) 
was added to a solution of ethyl 5-(2-propyl-l//-imidazo[4,5-c]quinolin-l- 
yl)pentanoate (14.6 g, 43.0 mmol) in ethanol (100 mL). The reaction mixture 
was stirred at room temperature overnight, then the ethanol was removed under 
reduced pressure. The remaining aqueous solution was washed with 
dichloromethane and adjusted to pH 5 with 10% aqueous hydrochloric acid. The 
aqueous layer was extracted with dichloromethane (2 x). The later organic 
layers were combined, dried over magnesium sulfate, filtered, and concentrated 
to yield 11.5 g of 5-(2-propyl-l/f-imidazo[4,5-c]quinolin-l-yl)pentanoic acid as 
yellow solid. 

Step5 

Oxalyl chloride (2.62 mL, 30.1 mmol) was added to a solution of 5-(2- 
propyl-l//-imidazo[4,5-c]quinolin-l-yl)pentanoic acid (5.21 g, 16.7 mmol) in 
dichloromethane (50 mL) at room temperature. The reaction was stirred for 1 
hour, then the volatiles were removed under reduced pressure. Dichloromethane 
(50 mL) was added to the residue, followed by MO-dimethylhydroxylamine 
hydrochloride (3.26 g, 33.5 mmol) and N,A^dimethylformamide (2 mL). The 
reaction mixture was stirred at room temperature overnight, then was 
concentrated under reduced pressure. The residue was diluted with 
dichloromethane and an ammonium hydroxide solution. The mixture was 
transferred to a separatory funnel and the layers were separated. The organic 
layer was washed with saturated aqueous sodium bicarbonate and brine, dried 
over magnesium sulfate, filtered, and concentrated under reduced pressure to 
afford 5.5 g of crude A^methoxy-A^-methyl-5-(2-propyl-l//-imidazo[4,5- 
c]quinolin-l-yl)pentanamide as a brown oil that was used without purification in 
the next step. 

Step 6: 

The material from Step 5 was treated according to a modification of the 
procedure described in Step 2 of Example 34. The reaction mixture was worked 
up by separating the layers using a separatory funnel. The organic layer was 
washed with saturated aqueous sodium bicarbonate and brine, dried over 
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magnesium sulfate, filtered, and concentrated under reduced pressure. The crude 
5-(4-amino-2-propyl-l//-imidazo[4,5-c]quinolin-l-yl)-A^methoxy-7V- 
methylpentanamide was purified by flash chromatography (silica gel, eluted with 
10% methanol in dichloromethane) to provide a solid. Acetone was added to the 
solid and the mixture was sonicated. The solid was isolated by filtration and 
dried at 80 °C in a vacuum oven to provide 5-(4- amino-2 -propyl- \H- 
imidazo[4,5-c]quinolin-l-yl)-7V-methoxy-iV-methylpentanamide as beige 
needles, mp 150-151 °C. 
MS (APCI) m/z 370.1(M+H + ); 

Anal, calcd for C 2 oH27N 5 <V0.15 H 2 0: C, 64.51; H, 7.40; N, 18.81. Found: C, 
64.16; H, 7.40; N, 18.81. 



Example 37 

1 -[4-Amino-2-(ethoxymethyl)- l//-imidazo[4,5-c]quinolin- 1 -yl]butan-2-one 




Step 1: 

l-(Aminomethyl)cyclopropanol was prepared using the method of I. L. 
Lysenko and O. G. Kulinkovich, Russ. J. Org. Chem., 37, pp. 1238-1243 (2001). 
A solution of 4-chloro-3-nitroquinoline (7.28 g, 34.9 mmol) in dichloromethane 
(30 mL) was added dropwise to a 0 °C stirred suspension of 1- 
(aminomethyl)cyclopropanol (36.7 mmol) and triethylamine (6.30 mL, 45.4 
mmol) in dichloromethane (120 mL). The mixture was stirred at room 
temperature for 3 days, then was concentrated under reduced pressure. The 
residue was suspended in water (150 mL) and was stirred for 3 hours. The solid 
was isolated by filtration, washed with water (50 mL), and dried in a vacuum 
oven at 75 °C to afford 8.99 g of l-{[(3-nitroquinolin-4- 
yl)amino]methyl}cyclopropanol as a yellow solid. 
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Step 2: 

A mixture of l-{[(3-nitroquinolin-4-yl)amino]methyl}cyclopropanol 
(4.00 g, 15.4 mmol) and 5% platinum on carbon (400 mg) in ethyl acetate (80 
mL) and methanol (8 mL) was hydrogenated on a Parr apparatus at 35 psi (2.4 x 
5 10 5 Pa) of hydrogen at room temperature for 3 hours. The mixture was filtered 
through CELITE filter agent, which was rinsed with 10% methanol/ethyl acetate. 
The filtrate was concentrated to an orange oil that was used directly in the next 
step. 

Step 3: 

10 The material from Step 2 was dissolved in dichloromethane (70 mL). 

The solution was cooled to 0 °C and ethoxyacetyl chloride (1.7 mL, 16.9 mmol) 
was added dropwise. The reaction mixture was stirred at 0 °C for 1 hour, then 
the solvent was removed under reduced pressure. The residue was used directly 
in the next step. 

15 Step 4: 

The material from Step 3 was dissolved in ethanol (70 mL) and 2 M 
aqueous sodium hydroxide (15 mL, 30.8 mmol) was added. The reaction 
mixture was heated at 60 °C for 1 hour, then was stirred at room temperature 
overnight. The volatiles were removed under reduced pressure and to the 

20 resulting residue was added dichloromethane (70 mL) and water (50 mL). The 
mixture was adjusted to pH 7 with 1 M HC1. The layers were separated and the 
aqueous layer was extracted with dichloromethane (25 mL). The organic layers 
were combined, dried over magnesium sulfate, filtered, and concentrated to 
afford 4.23 g of crude l-[2-(ethoxymethyl)-l/r-imidazo[4,5-c]quinolin-l- 

25 yl]butan-2-one a tan solid. 
Step 5: 

mCPBA (2.1 1 g, 8.57 mmol) was added to a solution of l-[2- 
(ethoxymethyl)-l//-imidazo[4,5-c]quinolin-l-yl]butan-2-one (1.96 g, 6.59 
mmol) in chloroform (30 mL) at room temperature. The reaction mixture was 
30 stirred for 1 hour, then was cooled to 0 °C. Concentrated ammonium hydroxide 
(10 mL) and p-toluenesulfonyl chloride (1 .38 g, 7.25 mmol) were added. The 
mixture was stirred at 0 °C for 1 hour, then was filtered. The filtrate was diluted 
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with dichloromethane (50 mL) and saturated aqueous sodium bicarbonate (50 
mL). The layers were separated and the aqueous layer was extracted with 
dichloromethane (25 mL). The organic layers were combined, dried over 
magnesium sulfate, filtered, and concentrated to yield a brown solid. The solid 
5 was purified by chromatography on a HORIZON High-Performance Flash 
Chromatography (HPFC) instrument (available from Biotage, Inc, 
Charlottesville, Virginia, USA) (silica gel, gradient elution with 0-35% of a 
solution comprised of 80% CHC13, 18% MeOH, and 2% cone. NH 4 OH (CMA) 
in chloroform) to afford a tan solid that was recrystallized from 
10 chloroform/hexanes. The crystals were isolated by filtration and dried in a 

vacuum oven at 80 °C to afford 0.718 g of l-[4-amino-2-(ethoxymethyl)-l//- 
inudazo[4,5-c]quinolin-l-yl]butan-2-one as pale pink needles, mp 187-188 °C. 
MS (APCI) m/z 313 (M + H) + ; 

Anal, calcd for CnHjoN^: C, 65.37; H, 6.45; N, 17.94. Found: C, 65.22; H, 
15 6.19;N, 17.71. 

Exemplary Compounds 

Certain exemplary compounds, including some of those described above 
20 in the Examples, have the following Formulas (I-2a, I-4a, and 1-3 a) wherein X, 
R 2 , and R\.\ are defined immediately below in the table. In this table, for each 
ring system, each line represents one specific compound. 
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//NTT \ 

-(CH 2 ) 6 - 


/i-butyl 


pTT 

-CH3 


/PIT \ 

-(CH 2 ) 6 - 


sec-butyl 


-CH 3 


-(CH 2 ) 6 - 


isobutyl 


-CH 3 


-(CH 2 ) 6 - 


/erf-butyl 


-CH 3 


-(CH 2 ) 6 - 


n-pentyl 


-CH 3 


-(CH 2 ) 6 - 


cyclopentyl 


-CH 3 


-(CH 2 ) 6 - 


/i-hexyl 



135 



WO 2005/051317 



PCT7US2004/039512 



/ITT 
-CH3 


/ /—IT T \ 

-(CH 2 ) 6 - 


cyclohexyl 


/-ITT 
-CH3 


-(CH 2 ) 6 - 


phenyl 


-CH3 


-(CH 2 ) 6 - 


4-chlorophenyl 


PTT 
-CH3 


//"ITT \ 

-(CH 2 ) 6 - 


2,4-dichlorophenyl 


-CH3 


/—it y P/P iTT \ 

-CH 2 C(CH3) 2 - 


methyl 


it T 
-CH3 


-CH 2 C(CH3) 2 - 


etnyl 


/— *T T 
-CH3 


ott /— i//-rrT \ 

-CH 2 C(CH3) 2 - 


"-propyl 


/"IT T 
-CH 3 


/—IT T /—I //—IT T \ 

-CH 2 C(CH3) 2 - 


isopropyl 


-CH 3 


/—ITT /-I //-IT T \ 

-CH 2 C(CH3) 2 - 


cyclopropyl 


/"^T T 

-CH 3 


/'ITT /™I//"ITT \ 

-CH 2 C(CH 3 ) 2 - 


w-butyl 


/"IT T 
-CH3 


/—IT T /—I //—IT T \ 

-CH 2 C(CH3) 2 - 


sec-butyl 


/IT T 

-CH 3 


-CH 2 C(CH3) 2 - 


isobutyl 


/-IT y 
-CH3 


pTT /-I //ITT \ 

-CH 2 C(CH3) 2 - 


ter/-butyl 


/—IT T 
-CH3 


/-«tt n/r«TT \ 

-CH 2 C(CH 3 )2- 


/i-pentyl 


/~IT X 

-CH 3 


/-»TT /—I//— ITT "V 

-CH 2 C(CH3) 2 - 


cyclopentyl 


/—ITT 
-CH3 


/—IT T P/PTT \ 

-CH 2 C(CH3) 2 - 


w-hexyl 


/-IT T 
-CH3 


/— »T T 1^1//-|T T \ 

-CH 2 C(CH3) 2 - 


cyclohexyl 


-CH3 


/-ITT p/pTJ \ 

-CH 2 C(Crl3j 2 - 


phenyl 


-CH3 


/— iTT p/PU \ 

-CH 2 C(CH 3 ) 2 - 


4-chlorophenyl 


-CH 3 


/—ITT P/PTT \ 

-CH 2 C(CH3) 2 - 


2 ,4- di chlorophenyl 


/ITT 
-CH3 


pTJ p/pTJ \ PIT 

-CH 2 C(CH3) 2 UH 2 - 


metnyl 


-CH3 


pu p/pu \ pu 
-CH 2 C(CH3)2Cxi 2 - 


etnyl 


PTT 
-CH3 


PTT p/pTJ \ /—ITT 

-CH 2 C(Cri3) 2 CH 2 - 


^-propyl 


-CH3 


pTT P/PU \ PTT 

-CH 2 C(CH3)2Cli 2 - 


isopropyl 


-CH3 


/—ITT P/PU \ pTJ 

-CH 2 C(CH3) 2 CH 2 - 


cyclopropyl 


/—IT t 

-CH3 


pTT P/PTT \ pTT 

-CH 2 C(Crl3) 2 CH 2 - 


w-butyl 


/-ITT 

-CH 3 


PTT P/PTT \ PTT 

-CH 2 C(CH3) 2 CH 2 - 


sec-butyl 


/"IT T 
-CH3 


/— »T T p/r»TT \ /—ITT 

-CH 2 C(CH3) 2 CH 2 - 


isobutyl 


/—IT T 
-CH3 


PTT P/PTJ \ pTT 

-CH 2 C(CH3) 2 CH 2 - 


ferf-butyl 


/—ITT 

-CH 3 


/"ITT /-«//— ITT \ /—IT T 

-CH 2 C(CH3)2CH 2 - 


/j-pentyl 


/-ITT 
-CH3 


PTT P /pTT \ pTT 

-CH 2 C(Crl3)2CH 2 - 


cyclopentyl 


/—ITT 
-CH3 


pTT P/PU \ pTT 

-CH 2 C(CH3) 2 CH 2 - 


w-hexyl 


/"IT T 

-CH 3 


pTT P/PTT \ pTJ 

-CH 2 C(CH3)2Crl 2 - 


cyclohexyl 


PTT 
-CH3 


pTJ p/pTJ \ pTT 

-CH 2 C(CH3)2CH 2 - 


phenyl 


/-ITT 
-CH3 


pTT P/PU \ PU 

-CH 2 C(CH3)2Crl 2 - 


4-chlorophenyl 


-CH3 


pu p/pu \ PU 

-CH 2 U(Cri3 J 2 L,ri 2 - 


z,4-aicnloropnenyl 


/—IT T 
-CH3 


/PTJ \ ApU 

-(CH 2 ) 2 OCH 2 - 


methyl 


/IT T 
-CH3 


/PTT \ PiPU 

-(CH 2 ) 2 OCH 2 - 


ethyl 


/—IT T 
-CH3 


/pTT \ APTT 

-(CH 2 ) 2 UCH 2 - 


« -propyl 


/"IT T 

-CH3 


/ /—ITT \ PPTT 

-(CH 2 ) 2 OCH 2 - 


isopropyl 




/PU \ PPU^ 


eye iopropy 1 


-CH 3 


-(CH 2 ) 2 OCH 2 - 


n-butyl 


-CH 3 


-(CH 2 ) 2 OCH 2 - 


sec-butyl 


-CH 3 


-(CH 2 ) 2 OCH 2 - 


isobutyl 


-CH 3 


-(CH 2 ) 2 OCH 2 - 


fer/-butyl 


-CH 3 


-(CH 2 ) 2 OCH 2 - 


/i-pentyl 
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/'PH^nOPH. 

-^V^XJ- 2/ /2^-'v^ri2" 


cyi-iopcniyi 




/pXJ^\^p|PT-T^ 
-V^n.2 ^2 V-/ V^xl2~ 


j/-ncxyi 




rPH.^nrw-, 


cycionexyi 






pnenyi 






*f-cmoropnenyi 


v^n.3 


/'pH^.npH. 


z uicn loropneny 1 


~V^Xi-3 


/pxj^\^pipTj 
-^- n 2^3^^lA2* 


rneinyi 


>wXx3 


-V^a12^3^^a12" 


euiyi 


_PT-I\ 


-^Jl2 J3 W^rl2" 


-propyl 


V^XjL3 


/T^H^i^fiPtr 

-^^xl2 J 3 vJV^iT2' 


isopropyi 


v^rj-3 


- V v^ri2/3 rl2 - 


cyclopropyl 


v^n.3 




ji-butyl 


-\^n.3 


"V^Xl2 > >3^v^-tl2 _ 


sec-butyl 


1^x13 


-^^n273^ ^Al2 " 


lsoDutyi j 


-V-/J1.3 


-^^112 J 3 w^xl2~ 


/er/-butyl 


v^n.3 


fpTJ \ p>PT-J^ 


/i-peniyi 


v^ri-3 


^PH^,nrH, 


cyciopeniyi 


.ru, 

v^r±3 


/'pR.vnrw, 


w-nexyi 


V^IJ.3 


-/'PH^.npw. 


cycionexyi 


v-»xi. 3 


-^ph^.oph-, 

_ ^v^xx2 j 3 ^V^rx2~ 


pnenyi 


v_/X 13 


-^v^ri2 < ;3V^^xl2- 


*f - cn 1 oropnen yi 


-PHr. 


./PH.vnptf. 

-\\^ri2j3\J\^ri2~ 


z,**-uiciiioropiienyi 


-PH^PTT-, Othvl 1 


_pxj^_ 
-V/I12" 


iTicinyi 


-PFT-»PFT» 


pu A 


eiiiyi 


~v^n2V^ix3 




«-propyl 


v>-xj.2\-'n3 


pu. 


isopropyi 


\-/Xj.2^- / -^*'3 


_pXJ^ 

v-'Xi 2 


cyclopropyl 


-PT-T^PT4-> 


PT4\ 


/i -butyl 


v^ri2^- / J^ A 3 


prj^ 
-\^rl2- 


56C-butyI I 


_pxj„pT_r 




lsoDutyi 


-V>-Ii2V^n.3 


pu 


r^ri-Dutyi 


_pXT^pXJ^ 
~\^Xi.2V^Jj-3 


PT4„ 


w-pentyl 


v^n.2v^ri3 


pti, 

-^Xl2 - 


cyciopentyi 


-^✓xx2v-'Xx3 


pu. 


/2-nexyi 




PU„. 

^>Ii2 


cycionexyi 


-PH-»PHn 

•v>xx2\-xAJ.3 


PU,. 

v^n.2 


pnenyi 


-PHoPH-> 
v^ri2V^Ji.3 




^f-cnioropnenyi 


-PH^PH, 
-V-'n2V-/rl3 


pu. 


z,^-aicnioropnenyi 


_PT-TnPT-U 

"V^n.2V^n3 




nieinyi 


pi_r prj 


/pxj^\ 
-^rl2j2- 


einyi 


-CH7CH1 




w-nrnnvl 


-CH2CH3 


-(CH 2 ) 2 - 


isopropyi 


-CH 2 CH 3 


-(CH 2 ) 2 - 


cyclopropyl 


-CH 2 CH 3 


-(CH 2 )2- 


n-butyl 1 


-CH 2 CH 3 


-(CH 2 ) 2 - 


sec-butyl 


-CH 2 CH 3 


-(CH 2 ) 2 - 


isobutyl 
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-CH2CH3 


-(CH 2 )2- 


Ze/7-butyl 


-CH2CH3 


//ITT \ 

-(CH 2 )2- 


w-pentyl 


-CH2CH3 


//>Y T \ 

-(CH 2 ) 2 - 


cyclopentyl 


-CH2CH3 


-(CH 2 ) 2 - 


/2-hexyl 


-CH2CH3 


-(CH 2 ) 2 - 


cyclohexyl 


-CH2CH3 


//"IT T \ 

-(CH 2 ) 2 - 


phenyl 


-CH2CH3 


-(CH 2 ) 2 - 


4-chlorophenyl 


-CH2CH3 


-(CH 2 ) 2 - 


2,4-dichlorophenyl 


-CH2CH3 


-(CH 2 ) 3 - 


methyl 


-CH2CH3 


-(CH 2 ) 3 - 


ethyl 


-CH2CH3 


-(CH 2 ) 3 - 


/i-propyl 


-CH2CH3 


-(CH 2 ) 3 - 


isopropyl 


-CH2CH3 


/■/"IT T \ 

-(CH 2 ) 3 - 


cyclopropyl 


-CH2CH3 


-(CH 2 )3- 


72-butyl 


-CH2CH3 


-(CH 2 ) 3 - 


sec-butyl 


-CH2CH3 


//"ST T \ 

-(CH 2 ) 3 - 


isobutyl 


-CH2CH3 


//>YT \ 

-(CH 2 )3- 


terf-butyl 


-CH2CH3 


//ITT \ 

-(CH 2 ) 3 - 


n-pentyl 


/"ITT /^TT 
-CH2CH3 


-(CH 2 )3- 


cyclopentyl 


/"IT t /"tY T 
-CH2CH3 


-(CH 2 )3- 


w-hexyl 


-CH2CH3 


-(CH 2 )3- 


cyclohexyl 


-CH2CH3 


-(CH 2 )3- 


phenyl 


/>TT /^TT 
-CH2CH3 


//^Y T \ 

-(CH 2 )3- 


4-chlorophenyl 


/""'IT T /*»T T 
-CH2CH3 


-(CH 2 )3- 


2,4-dichlorophenyl 


/•ITT riTT 

-CH2CH3 


-(CH 2 ) 4 - 


methyl 


-CH2CH3 


//ITT \ 

-(CH 2 ) 4 - 


ethyl 


-CH2CH3 


-(CH 2 ) 4 - 


n-propyl 


-CH2CH3 


//-ITT x 

-(CH 2 ) 4 - 


isopropyl 


-CH2CH3 


//MT \ 

-(CH 2 ) 4 - 


cyclopropyl 


-CH2CH3 


-(CH 2 ) 4 - 


w-butyl 


-CH2CH3 


//ITT \ 

-(CH 2 ) 4 - 


sec-butyl 


-CH2CH3 


//>T T \ 

-(CH 2 ) 4 - 


isobutyl 


/"ITT /^TT 

-CH2CH3 


//"IT T \ 

-(CH 2 ) 4 - 


ter*-butyl 


-CH2CH3 


//*1T T \ 

-(CH 2 ) 4 - 


n-pentyl 


-CH2CH3 


//"ITT \ 

-(CH 2 ) 4 - 


cyclopentyl 


-CH2CH3 


-(CH 2 ) 4 - 


n-hexyl 


-CH2CH3 


-(CH 2 ) 4 - 


cyclohexyl 


/"*T T />T T 
-CH2CH3 


-(CH 2 ) 4 - 


phenyl 


-CH2CH3 


//ITT \ 

-(CH 2 ) 4 - 


4-chlorophenyl 


-CH2CH3 


-(CH 2 ) 4 - 


2,4-dichlorophenyl 




-(CH 2 )5- 


methyl 


-CH2CH3 


-(CH 2 ) 5 - 


ethyl 


-CH2CH3 . 


-(CH 2 ) 5 - 


w-propyl 


-CH2CH3 


-(CH 2 ) 5 - 


isopropyl 


-CH2CH3 


-(CH 2 )s- 


cyclopropyl 


-CH2CH3 


-(CH 2 ) 5 - 


rt-butyl 
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-CH2CH3 


//""IT T \ 

-(CH 2 ) 5 - 


.sec-butyl 


-CH2CH3 


-(CH 2 ) 5 - 


isobutyl 


-CH2CH3 


/ /"IT X \ 

-(CH 2 ) 5 - 


te/7-butyl 


-CH2CH3 


-(CH 2 ) 5 - 


w-pentyl 


-CH2CH3 


-(CH 2 ) 5 - 


cyclopentyl 


-CH2CH3 


-(CH 2 ) 5 - 


«-hexyl 


-CH2CH3 


-(CH 2 ) 5 - 


cyclohexyl 


-CH2CH3 


-(CH 2 ) 5 - 


phenyl 


-CH2CH3 


-(CH 2 ) 5 - 


4-chlorophenyl 


-CH2CH3 


-(CH 2 ) 5 - 


2,4-dichlorophenyl 


-CH2CH3 


-(CH 2 ) 6 - 


methyl 


-CH2CH3 


-(CH 2 ) 6 - 


ethyl 


-CH2CH3 


-(CH 2 ) 6 - 


n-propyl 


-CH2CH3 


-(CH 2 ) 6 - 


isopropyl 


-CH2CH3 


-(CH 2 ) 6 - 


cyclopropyl 


-CH2CH3 


/Ox X \ 

-(CH 2 ) 6 - 


w-butyl 


-CH2CH3 


-(CH 2 ) 6 - 


sec-butyl 


/*"1TT /"""ITT 
-CH2CH3 


-(CH 2 ) 6 - 


isobutyl 


-CH2CH3 


-(CH 2 ) 6 - 


te/Y-butyl 


-CH2CH3 


-(CH 2 ) 6 - 


w-pentyl 


/"ITT /*1TT 
-CH2CH3 


/nTT \ 

-(CH 2 )6- 


cyclopentyl 


-CH2CH3 


-(CH 2 ) 6 - 


w-hexyl 


-CH2CH3 


/•/NT T \ 

-(CH 2 ) 6 - 


cyclohexyl 


-CH2CH3 


-(CH 2 ) 6 - 


phenyl 


-CH2CH3 


-(CH 2 ) 6 - 


4-chlorophenyl 


-CH2CH3 


/ /^T X \ 

-(CH 2 ) 6 - 


2,4-dichlorophenyl 


-CH2CH3 


-CH 2 C(CH 3 ) 2 - 


methyl 


-CH2CH3 


/^TT ✓ /NX T \ 

-CH 2 C(CH3)2- 


ethyl 


-CH2CH3 


/NTT /H//"HTT V 

-CH 2 C(CH 3 )2- 


Ai-propyl 


-CH2CH3 


t n//<iTT v 

-CH 2 C(CH 3 ) 2 - 


isopropyl 


-CH2CH3 


OTT /"»//>TT \ 

-CH 2 C(CH3) 2 - 


cyclopropyl 


/""IT x y»T T 
-CH2CH3 


-CH2C(CH 3 ) 2 - 


w-butyl 


-CH2CH3 


/"ITT /^//^TT \ 

-CH 2 C(CH 3 )2- 


t_ A. 1 

sec-butyl 


/*""»TT /"ITT 
-CH2CH3 


/*1XT /1/riTT \ 

-CH2C(CH3)2- 


• t_.ii 
isobutyl 


-CH2CH3 


-CH 2 C(CH 3 ) 2 - 


terf-butyl 


-CH2CH3 


OTT /^//tTT \ 

-CH2C(CH3)2- 


w-pentyl 


-CH2CH3 


-CH2C(CH3) 2 - 


cyclopentyl 


-CH2CH3 


/^T x /^//^TT \ 

-CH 2 C(CH 3 )2- 


w-hexyl 


-CH2CH3 


/"ITT /1//1TT \ 

-CH2C(CH3)2- 


cyclohexyl 


-CH2CH3 


/"ITT /^//"^TT \ 

-CH 2 C(CH 3 )2- 


phenyl 


-Cxi2Crl3 


-Crl 2 HU JI3 ; 2 - 


4-chlorophenyl 


-CH2CH3 


-CH 2 C(CH 3 )2- 


2,4-dichlorophenyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH2- 


methyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH2- 


ethyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH2- 


w-propyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH2- 


isopropyl 
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-CH2CH3 


-CH 2 C(CH 3 )2CH 2 - 


cyclopropyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH2- 


n-butyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH2- 


5ec-butyl 


-CH2CH3 


-CH2C(CH 3 ) 2 CH 2 - 


isobutyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH2- 


ter/-butyl 


-CH2CH3 


-CH 2 C(CH 3 ) 2 CH 2 - 


^-pentyl 


-CH2CH3 


-CH 2 C(CH3)2CH 2 - 


cyclopentyl 


-CH2CH3 


-CH 2 C(CH 3 ) 2 CH2- 


w-hexyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH 2 - 


cyclohexyl 


-CH2CH3 


-CH 2 C(CH 3 )2CH 2 - 


phenyl 


-CH2CH3 


-CH 2 C(CH 3 ) 2 CH 2 - 


4-chlorophenyl 


-CH2CH3 


-CH 2 C(CH 3 ) 2 CH2- 


2,4-dichlorophenyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


methyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


ethyl 


-CH2CH3 


-(CH 2 )20CH 2 - 


n-propyl 


-CH2CH3 


-(CH 2 )20CH 2 - 


isopropyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


cyclopropyl 


-CH2CH3 


-(CH 2 )20CH 2 - 


/i-butyl 


-CH2CH3 


-(CH 2 )20CH 2 - 


.sec-butyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


isobutyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


tert-butyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


«-pentyl 


-CH2CH3 


-(CH 2 )20CH 2 - 


cyclopentyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


n-hexyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


cyclohexyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


phenyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


4-chlorophenyl 


-CH2CH3 


-(CH 2 ) 2 OCH 2 - 


2,4-dichlorophenyl 


-CH2CH3 


-(CH 2 )30CH 2 - 


methyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


ethyl 


-CH2CH3 


-(CH 2 )30CH 2 - 


w-propyl 


-CH2CH3 


-(CH 2 )30CH 2 - 


isopropyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


cyclopropyl 


-CH2CH3 


-(CH 2 )30CH 2 - 


7i-butyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


^ec-butyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


isobutyl 


-CH2CH3 


-(CH 2 )30CH 2 - 


/er/-butyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


n-pentyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


cyclopentyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


rt-hexyl 


-CH2CH3 


-(CH 2 )30CH 2 - 


cyclohexyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


phenyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


4-chlorophenyl 


-CH2CH3 


-(CH 2 ) 3 OCH 2 - 


2,4-dichlorophenyl 


-CH2CH2CH3 (n-propyl) 


-CH 2 - 


methyl 


-CH2CH2CH3 


-CH 2 - 


ethyl 
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/ITT pTT OTT 


OTT 

-CH 2 - 


/i-propyl 


/~~*~TT /"ITT /-*T T 


-CH 2 - 


isopropyl 


pTj /** , T_T 

-^±12^x12^113 


/— »T T 

-CH 2 - 


cyclopropyl 


-V^rt2V^H2^Jni3 


-CH 2 - 


/i-butyl 


/^tt /™^T_T ^TT 

-V^ 112^1x2^^3 


/^T T 

-CH 2 - 


sec-butyl 


/™^TT ^""'TT /^XX 

-Url2^1x2^1l3 


-CH 2 - 


isobutyl 


-Url2v^ 112^1^3 


-CH 2 - 


ferf-butyl 


-\^l~i2^ri2V-,xl3 


-CH 2 - 


n-pentyl 


-i^H2 L/ri2 V^Ij.3 


-CH 2 - 


cyclopentyl 


-L/lT-2 L/JH.2 V 1 ~*3 


-CH 2 - 


w-hexyl 


-Crl2 UH2^1x3 


-CH 2 - 


cyclohexyl 


-Url2^1i2^1x3 


y^T T 

-CH 2 - 


phenyl 


-Url2dl2^1x3 


/"IT X 

-CH 2 - 


4-chlorophenyl 


/"""'XT /""'XT ^T_T 

-Url2Crl2V^ll3 


-CH2- 


2,4-dichlorophenyl 


-l^H2^1"l2vv±l3 


-(CH 2 ) 2 - 


methyl 


-CH2CH2CH3 


/pTT \ 

-(CH 2 )2- 


ethyl 


-^1t.2^1a2^1x3 


-(CH 2 ) 2 - 


w-propyl 


OTT /"(TJ /^TJ 

-^W2^1x2^1x3 


/pxx \ 

-(CH 2 ) 2 - 


isopropyl 


P*X_I /""'TJ /"tTT 

-^1^2^1x2^113 


/pTT \ 

-(CH 2 )2- 


cyclopropyl 


/^TJ /^TT /TTT 

-Crl2V^xl2v^lx3 


/pTT \ 

-(CH 2 )2- 


n -butyl | 


/^t| riTj P<XX 

-Url2^-'xl2^1x3 


//-IT T \ 

-(CH 2 )2- 


sec-butyl 


/>TT pTT pTT 

-I^li2^1l2^xl3 


/PTT X 
-(CH2J2- 


isobutyl 


-L>rl2V^H2^1x3 


/pT T \ 

-(CH 2 ) 2 - 


ter/-butyl 


p<XX pTJ />rj 

-V^xl2^1x2^xl3 


//^T T \ 

-(CH 2 )2- 


w-pentyl 


' />TT /""^TT 

-U JI2 L.rl2^H3 


-(CH 2 ) 2 - 


cyclopentyl 


/^»tt /""ITT /^TT 

IT. 2 v^xx2 II3 


/PTT \ 

-(CH 2 )2- 


w-hexyl 


/"^XT OTT /"^X_X 

-Crl2^1x2^1x3 


-(CH 2 ) 2 - 


cyclohexyl 


r^TT J^TT P<XX 

-Url2dl2^rl3 


-(CH 2 ) 2 - 


phenyl 


/^TT /<1TT /<(TT 

-L,ll2dl2v>lx3 


-(CH 2 ) 2 - 


4-chlorophenyl 


-Ull2^rl2^-'lx > 3 


✓ ✓"IT T \ 

-(CH 2 ) 2 - 


2,4-dichlorophenyl 


/"''XT ^IT /^*T_T 

-^xl2^H2^H3 


-(CH 2 ) 3 - 


methyl 


: P»XX /"ITT /^TT 

-Ul~l2dl2v>ll3 


//ITT N 

-(CH 2 ) 3 - 


ethyl 


pITX pTJ pTj 

-UH2L, 112^x13 


/pTT \ 

-(CH 2 ) 3 - 


/i-propyl 


OTT /"IT T /"ITT 
-CH2CH2CH3 


-(CH 2 )3- 


isopropyl 


-UxT.2^xl2^xx3 


//ITT \ 

-(CH 2 ) 3 - 


cyclopropyl 


/^TT /"^X_T /^X_X 

-L/ 1x2^1x2^113 


✓PITT \ 

-(CH 2 ) 3 - 


rt-butyl 


/"^TT /ITT pTJ 

-UM2<^xl2^1x3 


/PTJ \ 

-(CH 2 ) 3 - 


sec-butyl 


pTT PTT /^1T T 

-Url2^xl2^xl3 


/pTT \ 

-(CH 2 ) 3 - 


isobutyl 


i^T T pTJ rtTj 

-Utt2^1"l2^'xl3 


/PTT \ 

-(CH 2 ) 3 - 


ferf-butyl 


ntT ott PTT 

-CH2CH2CH3 


/PTT \ 

-(CH 2 ) 3 - 


w-pentyl 


PTT pTJ PTT 

-Crl2Crl2^xl3 


-(CH 2 ) 3 - 


cyclopentyl 


-CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


/i-hexyl 


-CH2CH2CH3 


-(CH 2 ) 3 - 


cyclohexyl 


-CH2CH2CH3 


-(CH 2 ) 3 - 


phenyl 


-CH2CH2CH3 


-(CH 2 ) 3 - 


4-chlorophenyl 


-CH2 CH2 CH3 


-(CH 2 ) 3 - 


2,4-dichlorophenyl 
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PIT PIT 

-^Jrl2^rl2^xl3 


/pu \ 


rneuiyi 




/PXJ„\ 
-IVM2J4- 


etnyi 




/pu \ 


M.nrAnvl 

/i-propyi 


PU pTT pTT 


/pu \ 


lsopropyi 


pTT pTT pTT 

-Url2V^ri2v^Ai3 


/pu \ 


cyciopropyi 


pTT pTT pTT 

-v^rl2V^rl2^-'Al3 


/pu \ 


tx -butyl 


pTT pTT pTT 

-Cri2^Al2^-tl3 


/pu \ 


r>.#"»,/-» V%1lt"\/1 

5cC-Duiyi 


PU pTT pTT 

-\^Jrl2V^rl2^-rl3 


/pu ^ 


lsoouiyi 


pU pTT pu 
-Uri2V-'il2v^W3 


/pu 


tc/i-Duiyi 


pU pu PU 

-Uri2Lxrl2v^rl3 


/pu , \ 


/i-peniyi 


pu r^T-T pxj 
-^n.2L/rl2V^rl3 


/pu \ 
-^Il2j4- 


cyciopciiiyi 


pu pu pu 
-i^rl2^rt2^rl3 


/pu \ 


w-hexyl 


pu r^ur /"^xj 
-Url2^rl2^Al3 


/pU ^ 


cycionexyi 


pu /^xj r^i-i 
-Crl2L,rl2L/rl3 


/pu , i , 
-^M2j4- 


pnenyi 


pu r^xj pu 
-Uxl2^xl2^-n3 


/pu \ 


H-cnioropncnyi 


pu r^tr r^tr 
-Url2^-n2^rl3 


/pu \ 


z,H-oiciiit>rupiiciiyi 


pu r^xr r^xr 
-L^ri2^rl2^-'Al3 


/pxj^\^ 
-turi2;5- 


nicuiyi 


pu r^tr r^x-K 
-Uli.2^rl2^rl3 


/pu \ p 


ciiiyi 


pu r^T-T r^ti- 


/pu \, 


71-propyi 


-^xl2v^rl2^-'AA3 


-^Xl2j5" 


loUL/Ivipjr I 


-^ri2V/irl2v>rl3 


/pxj.^ 
-^L,ri2j5- 


t/yduprupyi { 


PU r'XX^T-I.. 


/pxj^\,. 

-y^>ri2)s- 




-^xl2^rl2v^^A3 


-{^£12)5- 


ocODUiyi 


- 1^x12^a12^^3 


/pii A \ r 

-^Xl2j5" 


lbuuuiyi 


pu r*vf f^xj- 

-Url2^xl2^"3 


/PXJ^\^ 

-(K^ri2)s- 


tc/i-Duiyi 


pu r**tj r^u 
-I^ri2^rl2^1^3 


/pxi^v 
-(i^ri2)s- 


/i-peniyi 


pu r^u px-r„ 
-^rl2V^rl2^-'A^3 


/PXJ^\ 1 . 


cyciopviiiyi 


pu r^xj r^xi 

-U±l2C±l2Url3 


/pu V 


/i-hcxyl 


pu r^xj /"^xj 
-Uxl2^ri2^1^3 


/pu \^ 


cycionexyi 


pu r*xj /^xj 
-Ujl2Uri2^rl3 


/pu \, 


pnenyi ] 


pu r^xj pxjt 
-Url2Url2^Al3 


/pu v 


H""Cnioropncnyi 


pu r^xr r^xj 
-Uri2^JnL2^rl3 


/pu,v 
-(V"2J5- 


z,H-uicnxoropriGiiyi 


pu r^iJr r^xr 


-(L.X12J6- 


mcLnyi 


pu r^xj pxt. 


/PLI,V 

-^rl2j6- 


cmyi 


PU^^X-T-^XT^ 


/pu,v 


w-propyi 


-i^rl2^Jtl2^Al3 


-^tl2j6- 


loupiupyjt 




/PXJ^\, 


v/ywiuprupyi 


pu r^u r^xj 

-V^rl2^rl2^"3 


/pXI„\, 


/i-Duiyi 


-^IT2^/ll2^'Al3 


/pu^v 
-^rl2j6- 




pu r^xj pxj 

-dl2^W2Crl3 


//^XJ^\, 


lsouuiyi 


- v^n.2 v^n.2 ^xx3 


l^-'- ri 2/6 




-CH2CH2CH3 


-(CH 2 ) 6 - 


w-pentyl 


-CH2CH2CH3 


-(CH 2 ) 6 - 


cyclopentyl 


-CH2CH2CH3 


-(CH 2 ) 6 - 


n-hexyl 


-CH2CH2CH3 


-(CH 2 ) 6 - 


cyclohexyl 


-CH2CH2CH3 


-(CH 2 ) 6 - 


phenyl 
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pTT pTJ pTT 


//*»T T \ 

-(CH 2 )6- 


4-chlorophenyl 


pTj /itt nrj 

-CH2CH2CH3 


/PTT \ 

-(CH2)6- 


2,4-aicnioropnenyl 


PT_T PTJ PIT 

-V-/Jtl2^il2v'Al3 


PTT /I //IT T \ 

-CH2C(Crl3)2- 


metnyl 


PTT pTJ /^TT 

-C02^^2^aa3 


ptt n/PiT \ 

-CH 2 C(CH3)2- 


etnyl , 


/-ITT pTJ /*1TT 

-V^Xl2^W2Cri3 


/i t T /1//1TT \ 

-CH2C(CH3)2- 


w-propyl 


/ITT r<TT /~1TT 

-1^x12^x12^x13 


/»TT ri/Z^TT \ 

-CH2C(CH3)2- 


isopropyl 


pTT pTT PTT 

- v^ri2 UXI2C1I3 


/IT T P //»T T \ 

-CH 2 C(Cxl3)2- 


cyclopropyl 


pTT /^TJ /*>TT 

-Url2^rl2^>Al3 


/"ITT /1//1TT \ 

-CH 2 C(CH3)2- 


/j-butyl 


/"IT* /^TT /^IJf 

-Url2Crl2^il3 


y-1IT /l //"ITT \ 

-CH 2 C(CH 3 ) 2 - 


sec-butyl 


OTT /^TT /^TT 

-Url2v^W2Crl3 


/VTT /"(//HTT \ 

-CH 2 C(CH 3 )2- 


isobutyl 


/IT T /~*T T /**T T 

-\^xl2l^xl2LJrl3 


/"ITT /1//^TT \ 

-CH 2 C(CH 3 )2- 


ter/-butyl 


/Trj />tt /-crj 

-\^xl2^xi2Cxl3 


/ITT /*//"*TT \ 

-CH 2 C(CH3)2- 


n-pentyl 


/^T T /"""'TT /"^TT 

-Url2<^xi2^xl3 


/ITT /i//^TT \ 

-CH 2 C(CH 3 )2- 


cyclopentyl 


-UH2^a12^a13 


/"»T T /»//1TT \ 

-CH2C(CH 3 )2- 


w-hexyl 


/■^TT riTT />TT 

-Url2V^xl2^AA3 


/"»T T P/PTT \ 

-CH2C(CH3)2- 


cyclohexyl 


/""MIT /~"*T T PTT 

-Url2V^ri2^"3 


/ITT /1//1TT \ 

-CH2C(CH3)2- 


phenyl 


/"'TT /^TJ /TfJ 

-Uxl2^ri2^xl3 


/^*tt n/rtTT \ 

-CH 2 C(CH 3 )2- 


4-chlorophenyl 


/'ITT pTJ pTT 

•Url2di.2^Jl3 


PTT P/PT T \ 

-CH2C(CH3)2- 


2,4-dichlorophenyl 


/-tTT PTT PIT 

-Lvxl2^Al2^^3 


PTT P/PT T \ PTT 

-CH2C(Cxl3)2CH2- 


methyl 


pTT pTT pTJ 

-Uxl2Cri2v^Al3 


PTT P/PT T \ PTT 

-CH2C(Cxl3)2CH2- 


ethyl 


/^TT PTT PTT 

-Uri2Crl2V>rl3 


PTT P/PTT \ PTT 

-CH2C(CH3)2CH2- 


w-propyl 


/ITT pTJ pTJ 

-l^xl2^ xl2v^rl3 


PTT P/PTT \ PTT 

-CH2C(CH3)2Cxl2- 


isopropyl 


/ITT /^TT /"ITT 

-Uri2v^xl2^rl3 


PTT P/PTT \ PTT 

-CH2C(CH3)2CH2- 


cyclopropyl 


/*T T /»T T /*»T T 
-CH2CH2CH3 


/IT T P//1TT \ PTT 

-CH2C(CH3)2CH2- 


w-butyl 


pTT pTT pTT 

-Crl2^xl2^-n3 


PTT p/PTT \ PTT 

-CH2C(CH3)2CH2- 


sec-butyl 


pTj pTJ P*TT 

-Uxl2^Jl2^Jl3 


PTT P/PTT \ PTT 

-CH2C(CH3)2CH2- 


isobutyl 


/*1TT /<TT /ITT 

-Uri2L/Xl2^Al3 


/"*TT /"1//^TT \ /ITT 

-CH2C(CH3)2CH 2 - 


terf-butyl 


pTJ /^T_T /TTT 

-Uri2^JLl2V^rl3 


/ITT P//"»TT \ PTT 

-CH2C(CH3)2CH2- 


n-pentyl 


/^TT /^TT /ITT 

-1^x12^x12 UXI3 


/ITT /1/riTT \ /"IT T 

-CH 2 C(CH3)2CH2- 


cyclopentyl 


pTJ /tTT /"*TT 

- J12 Jl2 ^Ai3 


PTT P/PTT \ PTT 

-CH2C(CH3)2CH2- 


n-hexyl 


PTT /ITT /^TJ 

-L^xl2^iT2^rl3 


/it Y P/PTT \ Z«T T 

-CH2C(CH3)2CH2- 


cyclohexyl 


/^TJ /"ITT /ITT 

-1^x12^x12^x13 


PTT P/PTT \ PTT 

-CH2C(CH3)2CH2- 


phenyl 


/ITT pTJ /ITT 

-V>rl2^rl2v^rl3 


PTT P/PT T \ PTT 

-CH2C(CH3)2CH2- 


4-chlorophenyl 


/ITT pTJ 

-L,ri2 1^x12^^13 


PTT P/PTT \ PTT 

-CH2C(CH3)2CH2- 


2,4-dichlorophenyl 


/ITT pTJ /ITT 

-^Xl2 Uxl2^-'xl3 


/PTT \ /VPTT 

-(CH2)2UCH2- 


methyl 


pTJ pTJ /ITT 

-^xl2V^xl2Cxl3 


/pTT \ PPTT 

-(Cxl2)20CH2- 


ethyl 


/ITT /ITT /IT y 

-L,xi2Url2Crl3 


/PTT \ PPTT 

-(CH2)2t)CH2- 


w-propyl 


P*TT /*T _T /ITT 

-v^rl2 Cri2 Cxi3 


/PTT \ PaPTT 

-(CH2)20CH2- 


isopropyl 


i-tTT /'XT pTJ 

-L,xl2Uxl2V^xl3 


/PTT \ Pi PTT 

-(CH2)20CH2- 


cyclopropyl 


/-lTj /'TT /»T T 
-CXI2L/XI2CXI3 


//VTT \ /VPTT 

-(CH2)20CH2- 


w-butyl 


PTT pTJ PU 

-L,Jl2LxXl2Cxl3 


/ptt \ nru. 


sec-Duiyi 


-CH2CH2CH3 


-(CH 2 ) 2 OCH 2 - 


isobutyl 


-CH2CH2CH3 


-(CH 2 ) 2 OCH 2 - 


ter/-butyl 


-CH2CH2CH3 


-(CH 2 ) 2 OCH 2 - 


/i-pentyl 


-CH2CH2CH3 


-(CH 2 ) 2 OCH 2 - 


cyclopentyl 


-CH2CH2CH3 


-(CH 2 ) 2 OCH 2 - 


w-hexyl 
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-CH 2 CH 2 CH 3 


-^CH 2 ) 2 OCH 2 - 


cycionexyi 


-CH2CH2CH3 


-(CH 2 ) 2 OCH2- 


pnenyi 


-CH2CH2CH3 


-(CH 2 )20CH 2 - 


4-cnioropnenyi 


-CH2CH2CH3 


-(CH 2 )20CH 2 - 


z,4-Qicnioropnenyi 


-CH2CH2CH3 


-(CH 2 )30CH 2 - 


metnyi 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


etnyl j 


-CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


n-propyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


isopropyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


cyclopropyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


w-butyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


sec-butyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


isobutyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


tert-buty\ 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


71-pentyl 


-CH2CH2CH3 


-(CH 2 )30CH 2 - 


cyclopentyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


n-hexyl 


-CH2CH2CH3 


(CH 2 )30CH 2 - 


cyclohexyl 


-CH2CH2CH3 


-(CH 2 )30CH 2 - 


phenyl 


-CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


4-chlorophenyl 


-CH2CH2CH3 


-(CH 2 ) 3 OCH 2 - 


2,4-cucnioropnenyi 


-CH2CH2CH2CH3 
(n-butyl) 


-CH 2 - 


methyl 


-CH2CH2CH2CH:, 


-CH 2 - 


etnyl 


-CH2CH2CH2CH3 


-CH 2 - 


71-propyl 


-CH2CH2CH2CH3 


-CH 2 - 


isopropyl 


-CH2CH2CH2CH3 


-CH 2 - 


cyclopropyl 


-CH2CH2CH2CH3 


-CH 2 - 


n-butyl 


-CH2CH2CH2CH3 


-CH 2 - 


sec-butyl 


-CH2CH2CH2CH3 


-CH 2 - 


isobutyl 


-CH2CH2CH2CH3 


-CH 2 - 


tert- butyl 


-CH2CH2CH2CH3 


-CH 2 - 


/2-pentyl 


-CH 2 CH 2 CH 2 CH3 


-CH 2 - 


cyclopentyl 


-CH2CH 2 CH 2 CH 3 


-CH 2 - 


H-hexyl 


-CH 2 CH2CH 2 CH 3 


-CH 2 - 


cyclohexyl 


-CH2CH2CH2CH3 


-CH 2 - 


pnenyi 


-CH2CH2CH2CH3 


-CH 2 - 


4-chlorophenyl 


-CH2CH2CH2CH3 


-CH 2 - 


z,4-aicnioropnenyi 


-CH2CH2CH2CH3 


-(CH 2 ) 2 - 


methyl 


-CH 2 CH2CH 2 CH 3 


-(CH 2 ) 2 - 


etnyl 


-CH2CH2CH2CH3 


-(CH 2 ) 2 - 


n-propyl 


/"•ti r^u f^u cu 
-Cri2Crl2^rl2<-rl3 




isoDroovl 


-CH2CH2CH2CH3 




cyclopropyl 


-CH2CH2CH2CH3 


-(CH 2 ) 2 - 


/i-butyl 


-CH 2 CH 2 CH2CH 3 


-(CH 2 ) 2 - 


sec-butyl 


-CH2CH2CH2CH3 


-(CH 2 ) 2 - 


isobutyl 


-CH2CH2CH2CH3 


-(CH 2 ) 2 - 


/erf-butyl 
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-CH 2 CH 2 CH 2 CH 3 


-fCH 7 V 


n-pentyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 - 


cyclopentyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,V 


w-hexyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 - 


cyclohexyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,) 2 - 


phenyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 - 


4-chlorophenyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,) 2 - 


2 ,4-dichlorophenyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH?h- 


methyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


ethyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


/.-propyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


isopropyl 


-CH 2 CH 2 CH 2 CH 3 


-.CH,V 


cyclopropyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,V 


/j-butyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


sec-butyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,),- 


isobutyl 


-CH 2 CH 2 CH 2 CH 3 ) 


-(CH 2 ) 3 - 


fer/-butyl | 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


n-pentyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


cyclopentyl ! 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


n-hexyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


cyclohexyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,),- 


phenyl 


-CH 7 CH 2 CH 2 CH 3 


-fCH 2 V 


4-chlorophenyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 - 


2,4-dichlorophenyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,)4- 


methyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,V 


ethyl 


-CH,CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


H-propyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


isopropyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,^- 


cyclopropyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,V 


n-butyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,V 


sec-butyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


isobutyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


terf-butyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


n-pentyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH 2 V 


cyclopentyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


n-hexyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


cyclohexyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


phenyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


4-chlorophenyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 4 - 


2,4-dichlorophenyl 


-CH 2 CH 2 CH 2 CH 3 


-rcH 2 ) 5 - 


methyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 5 - 


ethyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH,V 


^-propyl 


-CH 2 CH 2 CH 2 CH 3 


-rCH,V 


isopropyl 


-CH 2 CH 2 CH 2 CH 3 


-fCHVU- 


cyclopropyl 


-CH 2 CH 2 CH 2 CH 3 


-rcH,v 


n-butyl 


-CH 2 CH 2 CH 2 CH 3 




sec-butyl 
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r«TT pij pu r*u. 


/PU^\^ 
-^tl2)5" 


JcnViiit"V/l 
laUUULyi 


nrr pij pTj pu 


/pu \ 


//3 v4 V>1 it" AM 

tcr f-DUiyi 


pTT pTT pTJ PJJ 


-V^"2;5- 


rf_nOT*lt"\/1 

fi~pcniyi 


PU pTT pTT pTT 


/PU V 

-tv^H-275- 


cyeiupeniyi 


pTT pTT pTT pTT 

-Crl2V-'W2Crl2^'W3 


-^±l2j5" 


/i-hexyl 


pTT pTT pTT pTT 

-Cri2Url2^W2Crl3 


/pu \ 


cycionexyi 


pTT pTT PU PU 

-L*rl2^Al2^'^2^-'AA3 


/pu \ 


pnenyi 


pTT pTT pu PU 

-UH2^n2^*i2*-'*i3 


/PU A 

-(Cri275" 


**- cnioropnenyi 


PU PU PUT PXJ 

-UH2Crl2Crl2^'W3 


/pu \ 
-(vri275- 


z,*f-aicnioropncnyi 


PU PU PU PU 

-UJl2^Al2^Xl2^rl3 


/pU \ 


meinyi 


PU PU PU PU 


/pU \ 


einyi 


PU PU PU PU 

-^n2^-tl2^Ai2L/Xl3 


/pU \ 


n-propyl 


PU PU PU PU 

-i^irl2^Jtt2^rl2v^n.3 


-(<-ri276" 


lsopropyi 


PU PU PU PU 


/pU \ 

-(Cri276- 


eye lopropyi 


PU PIT PU PU 

-L^xl2^ri2^rl2^'-tl3 




w-ouiyi 


PU PTU PT-T PU 

-UJht2Cn2^ii2^'Al3 


/pu V 


»scc-Duiyi 


PU PU PU PU 
-Un2^n2^AA2V-'Ai3 


/pu 


isouuiyi 


pu r^u r^u r^u 

-UJi.2^Jrl2v^Al2^W3 


/pu \, 


tcr*-Duiyi 


PU PU PU PU 

-Url2^rl2 ^ ri2<^ri3 


/pu v 


/t-peniyi 


PU PU PU PU 
-K^£i2^™2^ri2^'±Ji3 


/pu \ 


eye lop en iy l 


pu /^u r^u r^u 

-Cn2^W2^"2^-tl3 


"(L,*i276" 


/z-nexyi 


pu r^u pu r^u 

-L^n2^"2^Al2^Al3 


/pt_l \ 
-{Uxl276- 


eycionexyi 


pu pu pu r^u 

-Urt2^ri2v>il2^Al3 


/pu \, 


pnenyi 


pu pu f^U PU 
-Url2Url2Crl2^-'-tl3 


/pu \, 


H-cnioropnenyi 


PU PU PU PU 
-l^lrl2^Al2^1^2^^3 


/PU \ 


ZjH-uicnioropncnyi 


PU PU i~*TJ PU 

-\^Jrl2^n2^-rl2^-rl3 


PU.P/'PU^ 


meinyi 


pu pu PU PU 
-CJt.2v^a12^W2^1a3 


PU P/PU \ 
-i-,H2^^rl3 72" 


etnyi 


PU pu /^U 
-l^U2^^2V--^l2^AA3 


PU^P/'PU.V 


/* -propyl 


pu pu PU PU 
-L/lT.2^Jl2^/xl2^^3 


pu p/pu V 
-^rl2^V^^l3 72" 


isopropyl 


pu pu PU PU 
-Url2Cll2V^Xl2V-'Al3 


PU P/PUA. 

-Url2U(\^xl3 J2~ 


cyciopropyi 


pTT PU PU PU 

-l^irl2^iT.2^Al2^Al3 


PU p/PU-Y- 
-V^i12v^V^a13/2~ 


/i-Duiyi 


PU PU PU PU 
-Url2^W2i^xl2^^l3 


pu p/pu.\ 
-l^Jl2v^l^l^3 72" 


5cC-DUiyi 


PU PU /^U PU 

-Url2 v^rl2 v^ri2 ^ri3 


PU-P/PW, v 
-Cxl2^-'V^^ 1 3 /2" 


* o/"Vr^i i f^ /I 

lsoDuiyi 


pu r^u C*XJ pu 
-UiT.2^Al2V^Xl2^Al3 


PU»P/PH, \* 


*c/ *-ouiyi 


pu pu PU PU 

-Un2^tt2Uri2^ri3 


pu. p /pu, \ 
-^112^^x13 72" 


/i-peniyi 


PU PU PU PU 

- Uri2wi2 U t±2 C 1I3 


-L>n2^lV*l3 72" 


eye lopentyi 


pu pu r^u rtr, 


-v^Xl2^l^- n 3 72 


/1-nex.yi 


pu pu ou pu 
-Url2^H2Crl2^-'"-3 


- L/XI2 V^^rl372 * 


eye lonex y 1 


pu pu pu pu 
-L.W2^a12^-'^12^-'^13 


PU P/PUA 
-v^Xl2^(^^3 72" 


V» on x /l 

pnenyi 


pu pu pu pu 
-L.x12^a12^a12^a13 


pu p/pu,v 

-\^Xl2^l^Al3 72" 


*f-cnioropnenyi 


- ^n.2 v-jtj.2 v^n.2 ^£1.3 


" x±2 ^ V 72 


j*t Lilian ivj i vjL/iit/ii y i 


-CH2CH2CH2CH3 


-CH 2 C(CH 3 ) 2 CH 2 - 


methyl 


-CH2CH2CH2CH3 


-CH 2 C(CH 3 ) 2 CH 2 - 


ethyl 


- CH2CH2 CH2CH3 


-CHzCCCHa^CH^ 


n-propyl 


-CH2CH2CH2CH3 


-CHjCCCHj^C^- 


isopropyl 


-CH2CH2CH2CH3 


-CH 2 C(CH 3 ) 2 CH 2 - 


cyciopropyi 
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-CH,CH 2 CH 2 CH 3 1 


-CH 2 C(CH 3 )2CH 2 - 


/i -butyl 


-CH 2 CH 2 CH 2 CH 3 1 


-CH 2 C(CH3) 2 CH 2 - 


56C- DUXyl 


-CH 2 CH 2 CH 2 CH 3 1 


-CH 2 C(CH 3 )2CH2- 


lsoouiyi _j 


-CH 2 CH 2 CH 2 CH 3 | 


-CH 2 C(CH 3 ) 2 CH 2 - 


/err-Duiyi 


-CH 2 CH 2 CH 2 CH 3 _L 


-CH 2 C(CH 3 ) 2 CH 2 - 


n-pentyl 


-CH 2 CH 2 CH 2 CH 3 


-CH 2 C(CH3) 2 CH 2 - 


cyclopentyl 


-CH 2 CH 2 CH 2 CH 3 1 


-CH2C(CH 3 )2CH2" 


/i-hexyl 


-CH 2 CH 2 CH 2 CH 3 1 


-CH 2 C(CH 3 ) 2 CH 2 - 


cycionexyi 


-CH 2 CH 2 CH 2 CH 3 J 


-CH 2 C(CH 3 )2CH2- 


phenyl 


-CH 2 CH 2 CH 2 CH 3 | 


-CH 2 C(CH 3 ) 2 CH2- 


4-cnioropnenyi _j 


-CH 2 CH 2 CH 2 CH 3 


-CH 2 C(CH 3 ) 2 CH 2 ~ 


z,4-cncnioropnenyi 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 OCH 2 - 


metnyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 OCH 2 - 


etnyl 


-CH 2 CH 2 CH 2 CH 3 __T 


-(CH 2 ) 2 OCH 2 - 


w-propyl 


-CH 2 CH 2 CH 2 CH 3 1 


y y>«-w -r x y""x ^*tT T 

-(CH 2 ) 2 OCH 2 - 


isopropyl 


-CH 2 CH 2 CH 2 CH 3 __[ 


-(CH 2 ) 2 OCH 2 - 


cyciopropyi 


-CH 2 CH 2 CH 2 CH 3 I 


-(CH 2 ) 2 OCH 2 - 


n -butyl 


-CH 2 CH 2 CH 2 CH 3 ; 


-(CH 2 ) 2 OCH 2 - 


SeC-DUiyi 


-CH 2 CH 2 CH 2 CH 3 J 


-(CH 2 ) 2 OCH 2 - 


lsouuxyi 


-CH,CH 2 CH 2 CH 3 \ 


-(CH 2 ) 2 OCH 2 - 


/y-»**/ VvilTX/l 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 OCH 2 - 


/i-peniyi 


-CH,CH 2 CH 2 CH 3 


-(CH 2 ) 2 OCH 2 - 


y<*-» ry% 1 /-x *"\ O -n i"\ 7 I 

cyciopeniyi s 


-CH 7 CH 2 CH 2 CH 3 


-(CH 2 ) 2 OCH 2 - 


n-nexyi 


-CH 2 CH 2 CH 2 CH 3 


-{CH 2 ) 2 OCH 2 - 


cycionexyi 


-CH 2 CH 2 CH 2 CH 3 


i -(CH 2 ) 2 OCH 2 - 


phenyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 OCH 2 - 


4-cnioropnenyi 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 2 OCH 2 - 


z ,4 -Qi cniorop nen y i 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


methyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


Afrit mrl 

etnyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


w-propyl 


-CH,CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


isopropyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


cyciopropyi 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


n-butyl 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


Duxyi 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


lsouuxyi ^ 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


#y>**/ VxilT\/l 

t^rt-Duiyi 4 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


w-peniyi 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


j-\ m we% 1 y\«« £S»X 4" i ' 1 

cyciopeniyi 


-CH 2 CH 2 CH 2 CH 3 


-rCH 2 ) 3 OCH 2 - 


n-hexyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH 2 ) 3 OCH 2 - 


cycionexyi 


r^TT /-ITT pTT CXI. 

-CH 2 Cri 2 L.rl 2 ^rl 3 




phenyl 

d 


-CH 2 CH 2 CH 2 CH 3 


-(CH 2 ) 3 OCH 2 - 


4-chlorophenyl 


-CH 2 CH 2 CH 2 CH 3 


-fCH 2 ) 3 OCH 2 - 


2,4-dichlorophenyl 


-CH 2 OCH 2 CH 3 
'(ethoxymethyl) 


-CH 2 - 


methyl 


-CH 2 OCH 2 CH 3 


1 -CH 2 - 


ethyl 
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-CH 2 OCH 2 CH 3 


-CH 2 - I 


n-propyi 


-CH 2 OCH 2 CH 3 


-CH 2 - 1 


lsoproppri 


-CH 2 OCH 2 CH 3 


-CH 2 - 


cyciopropyi 


-CH 2 OCH 2 CH 3 


-CH 2 - 1 


/i-ouxyi 


-CH 2 OCH 2 CH 3 


-CHi- 1 


i>eC-DUiyi 


-CH 2 OCH 2 CH 3 


-CH 2 - 


lsouuiyi 


-CH 2 OCH 2 CH 3 


-CH 2 - 1 


lerx - Duiy 1 


-CH 2 OCH 2 CH 3 


-CH 2 - 1 


n-pemyi 


-CH 2 OCH 2 CH 3 


-CH 2 - 


eye lop eniy 1 


-CH 2 OCH 2 CH 3 


-CH 2 - 1 


w-nexyi 


-CH 2 OCH 2 CH 3 


-CH 2 - 1 


cycionexyi 


-CH 2 OCH 2 CH 3 


-CH 2 - _ 1 


pnenyi 


-CH 2 OCH 2 CH 3 


-CH 2 - 1 


*f-cnioropncnyi 


-CH 2 OCH 2 CH 3 


-CH 2 - \_L 


z ,*f -uicnior opnci ly 1 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


meuiyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 1 


etnyi _j 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 1 


« -propyl 


-CH,OCH,CH 3 


-(CH 2 ) 2 - 


isopropyi 


-CH,OCH 2 CH 3 


-(CH 2 ) 2 - 


cyciopropy* 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


n -butyl 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


0/1/1 nutvl 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


isoDuiyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


t^rr-Duiyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


w-peniyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


cyciopcmyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


1 w-nexyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


1 cycionexyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


1 pnenyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 2 - 


\ 4-cmoropnenyi 


-CH 2 OCH 2 CH 3 


-(CH 2 )2- 


1 z,*f-Qicniorupiiciiyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 


nieinyi ^ 


-CH 2 OCH 2 CH 3 


-rcnvh- 


1 emyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 


n-propyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 


1 isopropyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 


1 cycioprupyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 


1 ** 1^11 fa/1 

1 /i-Duiyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 


1 Pi9/t niit\/l 

| 5cC-DUiyi 


-CH 2 OCH 2 CH 3 


-(ch 2 ) 3 - 


1 lsoouiyi 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 




-CH 2 OCH 2 CH 3 


-(CH 2 ) 3 - 


1 Ai-peniyi 


| -Cn2UUli2^"3 


-(CHi)%- 


1 cyclopentyl j 


-CH2OCH2CH3 


-(CH,V 


1 w-hexyl 


-CH2OCH2CH3 


-fCH,V 


cyclohexyl 


-CH2OCH2CH3 


-fCH,V 


phenyl 


-CH2OCH2CH3 


-fCH,V 


4-chlorophenyl 


-CH2OCH2CH3 


-(CH 2 ) 3 - 


1 2,4-dichlorophenyl 
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pTJ APTT pTT 

-CH2UUH2CX13 


/PTT \ 


metnyi 


PT T /\pTJ OTT 


/pit \ 


etnyi 


/-1TJ APTJ pTJ 

-Cxi20Cri2Cri3 


/PTT \ 

-(CH2)4- 


/i -propyl 


-CH20Crl2Cxi3 


/PTT \ 


isopropyl 


-CH2OCH2CH3 


/PU \ 


cyciopropyi 


/ITT ApTT PTT 
-CH2OCH2CH3 


/PTT \ 

-(CH 2 )4- 


w -butyl 


-CH2OCH2CXI3 


/PTT \ 

-(CH 2 )4- 


sec-butyl 


-CH20CH2CH3 


/PTT \ 

-(CH 2 )4- 


isobutyl 


pT T PiP"T T /ITT 
-CH2OCH2CH3 


/PIT \ 

-(CH 2 )4- 


ter/- butyl 


-CH2OCH2CH3 


/PTT \ 
-(CH2J4- 


/i-pentyl 


pTT ppTT pTT 
-CH2OCH2CH3 


/pTT \ 

-(CH 2 )4- 


cyclopentyl 


PTT PVP 1 !! pTT 
-CH2OCH2CH3 


/PIT \ 


n-hexyl 


pT T Apu PTT 
-CH2OCH2CH3 


/PIT \ 

-(CH 2 )4- 


cyclohexyl 


PTT APU PTT 
-CH2OCH2CH3 


/PIT \ 

-(CH 2 )4- 


phenyl 


PTT ppTT pTT 

-CH20CH2CH3 


/pTT \ 
-(CH2J4- 


4-chlorophenyl 


PTT PPT T PIT 
-CH2OCH2CH3 


/PTT \ 

-(CH2)4- 


2 ,4-dichloropheny 1 


PT T PiOT T P»TT 
-CH2OCH2CH3 


/PTT \ 

-(CH 2 )5- 


methyl 


Pit apu pit 

-Cri20CH2Crl3 


/pTT \ 


etnyi 


PTT PPTT pTT 

-CH2UCH2^H3 


/pTT \ 


«-propyl 


PTT PpTT PUT 

-CH2CJCrl2Crl3 


/pTT \ 


isopropyl 


PIT PpTT PIT 
-CH2OCH2CH3 


/pTT \ 


eye lopropy 1 


PIT ppTT PU 

-CJrt2UCrl2Cxl3 


/ ATT \ 


72 -butyl 


PIT APU PTT 
-CH2OCH2CH3 


/pTT \ 


sec-butyl 


PIT PpTT PIT 

-CH20CH.2Cri3 


/pTT \ 


isobutyl 


PIT P4 PIT PTT 
-CH2OCH2CH3 


/pT_T \ 


/err- butyl 


PIT Pa PIT PIT 
-CH2OCH2CH3 


/pTT \ 


w-pentyl 


PIT APTT pTT 

-Crl20Crl2Crl3 


/pTT \ 


cyclopentyl 


PT T Pa PTT PTT 
-CH2OCH2CH3 


/PTT \ 

-(CH 2 )5- 


w-hexyl 


PTT Pi PIT PIT 
-CH2OCH2CH3 


/PTT \ 

-(CH 2 )5- 


cyclohexyl 


PU APLT pTT 
-CH2OCH2CH3 


/PTT \ 

-(CH2)5- 


phenyl 


PIT API! PIT 
-CH2OCH2CH3 


/pTT \ 

-(CH 2 )5- 


4-chlorophenyl 


PIT Pi pTT PTT 
-CH2OCH2CH3 


/PTJ \ 
-(CH2)5- 


2,4-dichlorophenyl 


PIT APTT PTT 

-Crl2UCrl2Cjl3 


/PTT \ 


methyl 


pTT APU PIT 
-CH2OCH2CXI3 


/PXT \ 


euiyi 


PIT APU PU 

-Cxl2UCrl2Cri3 


/PIT \ 


«-propyl 


pTT APU PTT 
-CH2OCH2CH3 


/pTT \ 


isopropyl 


pTT APU pTJ 

-CH20CH2Cii3 


/PTT \ 


cyciopropyi 


PTT Pa pTT PTT 
-CH2OCH2CH3 


/PTT \ 


/i-butyl 


pit Pa pit pit 

-CH 2 OCH2Cli3 


/pTT \ 


56c-butyl i 


PTT APTT PIT 
-CH2OCH2CH3 


/pTT \ 


isobutyl 






tc/t-uuiyi [ 


-CH 2 OCH 2 CH 3 


-(CH 2 ) 6 - 


w-pentyl 


-CH2OCH2CH3 


-(CH 2 ) 6 - 


cyclopentyl 


-CH2OCH2CH3 


-(CH 2 ) 6 - 


/i-hexyl 


-CH2OCH2CH3 


-(CH 2 ) 6 - 


cyclohexyl 


-CH2OCH2CH3 


-(CH 2 ) 6 - 


phenyl 
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-CH20CH2CH3 


-(CH 2 )6- 


4-chloroi3henvl 


-CH 2 OCH 2 CH 3 


-(CH2J6- 


? 4-dichloroohenvl 


-CH 7 OCH 2 CH 3 


-CH2C(CJbl3)2- 


mf*fhvl 


-CH2OCH2CH3 




pthvl 


-CH2OCH2CH3 


-CH 2 C(CH3)2- 


w-nronvl 


-CH,OCH 7 CH 3 


ptt p/nn \ 

-CH2C(CH3)2- L 


i cnnron vl 

isopropyi 


-CH2OCH2CH3 _J 


-Crl2C(CH3)2- I 


pvr 1 nnron vl 


-CH2OCH2CH3 


px t n/PTT \ 1 


w-hntvl 


-CH2OCH2CH3 


-CH2C(CH3)2- ___J_ 


e^p-Hll tvl 


-CH2OCH2CH3 


pry n/pTT \ 1 

-CH2C(CH3)2- __L 


1 C/lrYllTA/l 


-CH2OCH2CH3 


pTj p /PT T \ ! 

-CH2C(CH3) 2 - L 


/*?»*/-Vintvl 


-CH2OCH2CH3 


PTT p/pTT \ 

-CH 2 C(CH3) 2 - 1 


t»_ nMitvl 

/l-pClliy 1 


-CH2OCH2CH3 


/-ITT p/pTJ \ 

-CH2C(CH3) 2 - 1 


r* \/r» 1 txrs (>n tvl 

tyunjpciiLyi 


-CH 2 OCH 2 CH 3 1 


pTT n/pTj \ I 

-CH2C(CH3) 2 - 1 


/l-llCAjrl J 


-CH 2 OCH 2 CH 3 


pTT p/pTJ \ I 

-CH2C(CH3) 2 - I 


p"V/r» 1 oVl vl 


-CH2OCH2CH3 


pT T p/pTJ \ 1 

-CH 2 C(CH3)2- I 


piidijri 1 


-CH2OCH2CH3 


pTT p/pTT \ 1 

-CH2C(CH3)2- 1 


A-pnlnrntYhetivl 


-CH2OCH2CH3 


-CH2C(CM3)2- 1 


0 4-Hirhloronhenvl 


-CH2OCH2CH3 


ptt p/ru \ r^i-i^ 

-CH2C(Cxl3)2^"2- ! 


mptrivl 


-CH2OCH2CH3 


-CH2M ^ ^3 J 2 ^"2- 


ethvl 


-CH2OCH2CH3 




w-nrnnvl 

n prupyi 


-CH2OCH2CH3 


ptTJ p/pTT \ pTJ 

-CH2C1 Crl3 )2^Al2" 


i QrvnTYYn vl 


-CH2OCH2CH3 


-CH 2 C(Cri3 )2^"2- 


p vp 1 nnrnr> vl 


-CH2OCH2CH3 


prr r^/r^U \ P^tT- 

-CthM C±l3 )2 v^rl2- 


w-hntvl 


-CH20CH 2 CH 3 


-Crl2C(Crl3)2^Al2- 


c/yp-Vintvl 1 


-CH2OCH2CH3 


-CH2C(CH3)2^W2- 


icr\V\iitvl 


-CH2OCH2CH3 


pTT p/pTJ \ P^T-I- 

-CH?C(Crl3 )2^W2- 


//?f/-Hntvl 
| tcf fuuijri 


-CH2OCH2CH3 


pTT p/pTT \ /""^TT 

-CH2C1 CH3 )2^Al2" 


1 w-npntvl 
| fi -pciityi 


-CH2OCH2CH3 


PTT p /P^TT \ /^TJ_ 

-CH2C( CJI3 )2<-*i 2 - 


1 r^vplfYHPTitvl 


-CH2OCH2CH3 


PTJ pi/ptTj X pTT 

-CH?C(CH3)2^H2- 


1 M-VlPVvl 

1 n ■"licA.jri 


-CH2OCH2CH3 


ptj pvp-'U ^ P^TT- 

-CH2M CH3 )2^*l2 - 


■ pvplnhexvl 


-CH2OCH2CH3 


PTT P^/P^TJ \ P^tl- 

-CH2C^Cti3)2V-- W 2- 


1 r\Vipnvl 

| pilwlljrl _j 


-CH 2 OCH 2 CH 3 


pTT /^//^T_r \ /^T-j^ 
-CH?C(CH3j2wi2- 


I 4.-pVilnronhenvl 


-CH2OCH2CH3 


PTT p-VOU \ P'T-T^ 


1 9 4-rliphloronhenvl 


-CH2OCH2CH3 


/PTT \ p^P"' T_r 

-(CH2)2U<^n.2- 




-CH2OCH2CH3 


-^CH2)2UL,xl 2 - 


1 ethvl 

cin y A 


-CH2OCH2CH3 


/ptt \ ptP'Tj 

-(CH2)2UUH2- 


1 w-Tvrfvnvl 
n propyl 


-CH2OCH2CH3 


/PTT \ AfTJ 

-(Cxl2)2UUrl2- 


1 i q nnron vl 


-CH2OCH2CH3 


/pTT \ /^/^T_T 

-(Crl2) 2 UCrl2- 


1 pvplnnronvl 


-CH2OCH2CH3 


/PTT \ /^\/*^TJ 

-(CH 2 )2vJ^W2- 


1 w-hlltvl 
j /I~UUlyl 


-v^xl2v-'^'-ri2>— "3 


-fCH2) 2 OCH 2 - 


^ec-butyl 


-CH2OCH2CH3 


-rCH2) 2 OCH 2 - 


1 isobutyl 


-CH2OCH2CH3 


-fCH 2 )20CH2- 


terf-butyl 


-CH2OCH2CH3 


-rCH 2 )20CH 2 - 


w-pentyl 


-CH2OCH2CH3 


-rCH 2 )20CH 2 - 


cyclopentyl 


-CH2OCH2CH3 


-(CH2)20CH 2 - 


| /i-hexyl 
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-CH20CH2CH3 i 




rvrlohexvl 


-CH20CH2CH3 




nhpnvl 


-CH2OCH2CH3 |_ 


-(Crl2)2^^'Al2- 1 


4-rhlnronhenvl 


-CH2OCH2CH3 1 


-(Cri2)2^'^ tl 2- 


2 4-dichloroohenyl 


-CH20CH 2 CH 3 1 




mpfVivl 


-CH-.OCH7CH3 1 


/pit \ r^r^u* 


ethvl 


-CH2OCH2CH3 1 




w-tircvnvl 


-CH2OCH2CH3 


/pTJ \ Pi PIT _ 1 

-(CH2J3ULJI2- 


i Qftnrrtn vl 


-CH2OCH2CH3 1 


-(UJrt2)3<JL,Xi2- _ L 


c vo 1 onron vl 


-CH2OCH2CH3 1 


-(CH2)3^^W2- 1 


w-hntvl 


-CH2OCH2CH3 J 


-(CH2)3^^W2- 


c*v*-hlltvl 


-CH2OCH2CH3 


-(CH2)3^^ W 2- 


icnhntv! 


-CH2OCH2CH3 


/pTT \ P*PIJ 

-(CH2)3^^-a12- 1 


/£>r/-hlltvl 


-CH 2 OCH 2 CH 3 1 


-(Cri2)3^^Al2- ! 


w-nentvl 


-CH2OCH2CH3 | 


-(UH2)3^^ W 2- 


r vc Ion ent vl 


-CH2OCH2CH3 J 


-(CH 2 )30CH 2 - 1 


w-hexyl 


-CH2OCH2CH3 J 


-(CH2)3^^^2" 1 


rvr 1 nVi px vl 


-CH2OCH2CH3 


-(CH2)3^^ W 2- I 


JJllt/llj'l J 


-CH2OCH2CH3 1 


/pit \ r\ru« ! 
-(Cn2)3U^ri2- j 


4-rh 1 oroohenvl 


-CH2OCH2CH3 


-(CH2)3^^ W 2- 


9 4.-dichloroDhenvl 


-CH2CH2OCH3 

(2-methoxyethyl) 


-CH2- ! 


mf»fhv1 
IllCllljri 


-CH 2 CH 2 OCH 3 


pu 
-Url2- 


ethvl 


-CH2CH2OCH3 


PIJ 




-CH2CH2OCH3 


PIJ 


i^onroovl 


-CH2CH2OCH3 


pu 


rvnlonroovl 


-CH2CH2OCH3 


PTJ 


w-hntvl 


-CH2CH2OCH3 


1 PU 


c/v-hutvl 


-CH2CH2OCH3 


i put 


i^ohutvl 


-CH2CH2OCH3 


1 PIT 

-Cri2- 


te>rf-hutvl 


-CH2CH2OCH3 


prr 


w-nentvl 


-CH2CH2OCH3 


pTT 


1 c vcl onent vl 


-CH2CH2OCH3 


j pTJ 


M-hexvl 


-CH2CH2OCH-) 


-CJI2- 


t rvclohexvl 


-CH2CH2OCH3 


pTT 


nhenvl 


-CH2CH2OCH3 


pu 


| 4-chlorophenyl J 


-CH 2 CH 2 OCH 3 


,! pxj 
-Uxi2- 


1 2 4-dichloroohenvl 


-CH2CH2OCH3 


1 /PU \ 
-(CH2>2- 


m ethvl 


-CH2CH2OCH3 


-(CH2)2- 


ethvl 


-CH2CH2OCH3 


! /pu \ 


fi-nronvl 




1 -(CH 2 >2- 


isopropyl 


-CH2CH2OCH3 


I -fCH,V 


cyclopropyl 


-CH2CH2OCH3 


-(CH 2 ) 2 - 


«-butyl 


-CH2CH2OCH3 




^ec-butyl 


-CH2CH2OCH3 


-(CH 2 ) 2 - 


isobutyl 


1 -CH2CH2OCH3 


| -fCH,V 


/er/-butyl 
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r 

-CH,CH?OCH 3 


-(CH2j2- 


^-oentvl 


-CH2CH2OCH3 




cyclopentyl 


-CH2CH2OCH3 


-(CH2J2- 


w-hexvl 


-CH2CH2OCH3 


-(CH2J2- 


cvclohexvl 


-CH2CH2OCH3 


-(CH2J2- 


nhenvl 


-CH2CH2OCH3 


-(CH2)2- 


4-chloroohenvl 


-CH2CH2OCH3 


-(CH 2 )2- 


2 4-dichloroDhenvl 


-CH2CH2OCH3 


-(CH2J3- 


m ethvl 


-CH2CH2OCH3 


-(CH2)3- 


ethvl 


-CH2CH2OCH3 


-(CH2)3- 


ji-nronvl 


-CH2CH2OCH3 


-(CH 2 )3- 


l^upiupyi 


-CH2CH2OCH3 


-(CH 2 )3- 


rvc lonroovl 


-CH2CH2OCH3 


-(CH 2 )3- 


w-hntvl 


-CH2CH2OCH3 


-(CH2)3- 


cz>r-hutvl 

oci/ iy ixv jr x 


-CH,CH 2 OCH 3 


-(CH2)3- 


1 <5ob utvl 


-CH2CH2OCH3 


-(CH2)3- 


f*>r/-butvl 


-CH 2 CH 2 OCH 3 


-(CH2)3- 


n-nentvl 


-CH2CH2OCH3 


-(CH2J3- 


cvclooentvl 


-CH2CH2OCH3 


-(CH2J3- 


w-hexvl 


-CH2CH2OCH3 


-fCfcbh- 


cvclohexvl 


-CH2CH2OCH3 


-(CH2)3- 


nhenvl 


-CH2CH2OCH3 


-(CH2)3- 


4-chloroohenvl 
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CYTOKINE INDUCTION IN HUMAN CELLS 
Compounds of the invention have been found to induce cytokine 
biosynthesis when tested using the method described below. 

An in vitro human blood cell system is used to assess cytokine induction. 
5 Activity is based on the measurement of interferon and tumor necrosis factor (a) 
(IFN and TNF, respectively) secreted into culture media as described by 
Testerman et. al. in "Cytokine Induction by the Immunomodulators Imiquimod 
and S-27609", Journal of Leukocyte Biology, 58, 365-372 (September, 1995). 

1 0 Blood Cell Preparation for Culture 

Whole blood from healthy human donors is collected by venipuncture 
into EDTA vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are 
separated from whole blood by density gradient centrifugation using 
HISTOPAQUE-1077. Blood is diluted 1:1 with Dulbecco's Phosphate Buffered 

15 Saline (DPBS) or Hank's Balanced Salts Solution (HBSS). The PBMC layer is 
collected and washed twice with DPBS or HBSS and resuspended at 4 x 10 6 
cells/mL in RPMI complete. The PBMC suspension is added to 48 well flat 
bottom sterile tissue culture plates (Costar, Cambridge, MA or Becton Dickinson 
Labware, Lincoln Park, NJ) containing an equal volume of RPMI complete 

20 media containing test compound. 

Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The 
DMSO concentration should not exceed a final concentration of 1% for addition 
25 to the culture wells. The compounds are generally tested at concentrations 
ranging from 30-0.014 uM. 

Incubation 

The solution of test compound is added at 60 uM to the first well 
30 containing RPMI complete and serial 3 fold dilutions are made in the wells. The 
PBMC suspension is then added to the wells in an equal volume, bringing the 
test compound concentrations to the desired range (30-0.014 uM). The final 
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concentration of PBMC suspension is 2 x 10* cells/mL. The plates are covered 
with sterile plastic lids, mixed gently and then incubated for 18 to 24 hours at 
37°C in a 5% carbon dioxide atmosphere. 

5 Separation 

Following incubation the plates are centrifuged for 10 minutes at 1000 
rpm (approximately 200 x g) at 4 e C. The cell-free culture supernatant is 
removed with a sterile polypropylene pipet and transferred to sterile 
polypropylene tubes. Samples are maintained at -30 to -70°C until analysis. 

10 The samples are analyzed for interferon (a) by ELISA and for tumor necrosis 
factor (a) by ELISA or IGEN Assay. 

Interferon (a) and Tumor Necrosis Factor (a) Analysis by ELISA 

Interferon (a) concentration is determined by ELISA using a Human 

15 Multi-Species kit from PBL Biomedical Laboratories, New Brunswick, NJ. 
Results are expressed in pg/mL. 

Tumor necrosis factor (a) (TNF) concentration is determined using 
ELISA kits available from Biosource International, Camarillo, CA. Alternately, 
the TNF concentration can be determined by ORIGEN M-Series Immunoassay 

20 and read on an IGEN M-8 analyzer from IGEN International, Gaithersburg, MD. 
The immunoassay uses a human TNF capture and detection antibody pair from 
Biosource International, Camarillo, CA. Results are expressed in pg/mL. 

The complete disclosures of the patents, patent documents, and 
25 publications cited herein are incorporated by reference in their entirety as if each 
were individually incorporated. Various modifications and alterations to this 
invention will become apparent to those skilled in the art without departing from 
the scope and spirit of this invention. It should be understood that this invention 
is not intended to be unduly limited by the illustrative embodiments and 
30 examples set forth herein and that such examples and embodiments are presented 
by way of example only with the scope of the invention intended to be limited 
only by the claims set forth herein as follows. 
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